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PATENT NO. 
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KIND DATE 



APPLICATION NO. 



DATE 



B4 19711203 JP 19680315 <-- 

AB A mixture of Mn borate esters and alkaline earth salts of metaantimonites was 
an effective catalyst system for both transesterif ication and condensation. 
Thus, 436.5 parts di-Me terephthalate, 251.1 parts ethylene glycol, 0.032% 
(based on transesterif ied product) of a manganese borate ester 
Mn[B(OCH2CH20H) (OR)3]2 (R = cyclohexyl) [34975-88-7], and 0.01% magnesium 
antimonite [Mg(Sb02)2] [34975-89-8] were heated at 100-245 .deg. , heated in 1 
hr to 280 .deg. /13-30 mm under N, and heated at 280.deg./0.1 mm to give 
poly (ethylene terephthalate) [25038-59-9] with intrinsic viscosity 0.75 dl/g 
and improved whiteness. t 



Patent Number(s): JP47039497-A; JP78001320-B 

Title: Polyester mfr - using antimony mercapto or thio carboxylates as catalyst 

Patent Assignee Name(s) and Code(s): MITSUBISHI RAYON CO LTD ( MITR-C ): MITR 

( MITR-C ) 

Derwent Primary Accession Number: 1973-49407U [21] 

Patents Cited by Inventor: 0 rMnn Dafonfc , n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 utmg Fatents ' u Articles Cited by Examiner: 0 
Abstract: 

An Sb salt of alpha-mercaptocarboxylate or thio-alpha, beta-dicarboxylate Is used as a 
polycondensation catalyst of bis (beta-hydroxyethyl) terephthalate to give polyester with 
improved whiteness and transparency suitable for spinning, E.g. a soln. of 
Ph2C(SH)C02H In EtOH was added slowly to a soln. of (EtO)3Sb in EtOH, and the mixt. 
heated at 60 degrees to give ethoxyantimony diphenylthloglycolate (I). (I) In ethylene 
glycol (II) was added to an ester-exchanged mixt from di-Me terephthalate and (II) and 
the mixt. was polycondensed to give a transparent slightly yellow polyethylene 
terephthalte) which had an Increased intrinsic viscosity at 25 degrees C than that mfd. 
using Sb203 as catalyst 

International Patent Classification: C08G-063/36 
Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds); E12 
(Organometalllcs); £01 (Threads and fibres, natural or artificial; spinning) 
Derwent Manual Code(s): A02-A07 ; A05-E04A : E05-J ; F01-P04 
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Patent Number(s): JP47042989-A; JP75015511-B 

Title: Polyesters with improved colour tone - synthesized using antimony catalysts 
Patent Assignee Name(s) and Code(s): MITSUBISHI RAYON CO LTD (MITR-C); 
( MITR-O 

Derwent Primary Accession Number: 1973-56945U [39] 

Patents Cited by Inventor: 0 c; , PatGnt c. n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 9 Articles Cited by Examiner: 0 

Abstract: 

An Sb salt of oxalic acid, beta-hydroxycarboxylic acid, alpha, alpha-dicarboxylic acid, or 
thio acid analogue was used as a polyester condens. catalyst to give fibre grade polyester 
with good whiteness and transparency in good yield, In an example 8.67 pts. 
ethoxyantimony oxalate (I) in 200 pts. ethylene glycol (II) was added to a ester- 
exchanged mixt from di-Me.terephthalate 10,000 (II) 7500 and Mg(OAc)2 6 pts. cntg. 
3.2 pts. (MeO)3PO, and the mixt. polycondensed to give poly(ethyiene terephthate) (III) 
with intrinsic viscosity (25 degrees 1:1 phenol C2H2CI4) 0.743 and good whiteness cf 
0.672 and greyish discolouration for similarly prepd. (Ill) with 5 pts. Sb203 in place of 

Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds); £01 (Threads 
and fibres, natural or artificial; spinning) / 
Derwent Manual Code(s): A02-A07 ; A05-EQ1A ; F01-D04 
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Patent Number(s): NL7107667-A; CA965091-A; AR202689-A; CH573925-A; 

JP77018716-B; JP48005798-A 

Title: Tetracyclic piperazine derivs - biologically active 

Patent Assignee Name(s) and Code(s): AKZO NV ( ALKU-C ) 

Derwent Primary Accession Number: 1972-81815T [21] 

Patents Cited by Inventor: 0 riHnn Pa i.*nt-c- ? Articles cited b Y Inventor: 0 
Patents Cited by Examiner: 0 ^ limg Kaierus - * Articles Cited by Examiner: 0 
Abstract: 

Biologically active compds. of formula (I): are prepd. by condensing compds of formula 
(II): with 1,2 dihaloethanes in an aprotic solvent of ET >40 (e.g. a dlhaloethane) at 
70-140 degrees, where Rl and R2 = H, OH, acyloxy, lower alkyl, lower alkoxy, or CF3; 
R3 = H, lower alkyl, lower aralkyl or -(CH2)nl\IR4R5 where n = 1-4, and R4 and R5 = 
lower alkyl, or IMR4R5 = a heterocyclic residue; and Q = a single bond, CH2, CH2CH2, - 
CH2=CH-, O, S or NR, where R = lower alkyl. 

International Patent Classification: C07D-Q57/24 : C07D-099/02 : C07D-241/36 : 
C07D-487/04 : C07D-498/04 : C07D-513/04 
Derwent Class: B02 (Fused ring heterocyclics) 
Derwent Manual Cpde(s): B06-D18 : B06-E05 : B06-F05 
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B4 . 19730303 JP 1968-72258 19681004 <r 

AB The d.p. of poly (ethylene terephthalate) (I) [25038-59-9] is increased by 

polymerization in the presence of 0.001-0.3 mole % (based on acid) Sb compound 
and a specified amount of diaryl carbonate. Thus, the transesterif ication 
product from 250 parts di-Me terephthalate and 166 parts ethylene glycol is 
heated with 0.06 part antimony trioxide [1309-64-4] and 0.06 part H3P03 2 . 5 hr 



at 280.deg./<i mm, combined with 1 part diphenyl carbonate [102-09-0], heated 
30 mm at <1 mm, combined with 12.5 parts glycol and 0.06 part Sb203 and 
heated 70 min in vacuo to give I; inherent viscosity 1.12 



Patent Number(s): BE766653-A; NL7106001-A; DE2121808-A; FR2088367-A; 

JP48026955-A; GB1351176-A 

Title: High protein food from skimmed milk 

Patent Assignee Name(s) and Code(s): DUM01MT WA, JULIEIM J-P ( DUM-I ) 
Derwent Primary Accession Number: 1971-72090S [22] 

Patents Cited by Inventor: 0 riHn Dafanf . c . c Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 emng Katents ' * Articles Cited by Examiner: 0 
Abstract: 

High protein food prepd. by heating skimmed milk at 70-150 degrees C pref. 90 degrees 
C with a non-toxic calcium salt pref. 0.2 wt.% CaCI2 followed by separating the ppt. from 
the whey to give a product of 55-80 wt.% water content which may be subsequently 
Increased. 

Preferred product has C.V. 1247 cals/g. and a compsn. 20.0% proteins, 6.4% lactose, 
2.6% mineral salts and 71% water. 

International Patent Classification: A23O009/00 ; A23J-Q00/00 
Derwent Class: D13 (Other foodstuffs and treatment); E33 (Compounds of Be, Mg, Ca, 
Sr, Ba, Ra, Sc, Y, La, Ac, Al, lanthanides (Rare-earths), Th) 
Derwent Manual Code(s): D03-B : P03-F : E34-D 
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AB 
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n n Jp 1967-68190 19671023 

Polyesters with increased transparency are prepared by polycondensing dimethyl 
terephthalate (I) with ethylene glycol (II), in combination^ with or without Me 
p-(P-hydroxyethoxy)benzoate # in the presence of known polycondensation 
catalysts (antimony tri oxide [1309-64-4] or germanium dioxide [1310-53-8]) 
?7«rE ^f rth .r tal COmpds " and ^lenium dioxide [7446-08-4] or selenic acid 
IIIaVV' ' 3 miXtUre of 1 11 2 ' and Ca(OAc)2 8 .tim. 10-4 mole was 

heated 5 hr at 180-210. deg. under N, mixed with 8 .tim. 10-4 mole Se02 and 2 
.tint. 10-4 mole Sb203, and heated 4 hr at 280 . deg. /0 . 1mm, giving colorless 
Sh2C^^ [25038-59-9] with intrinsic viscosity (l:lPhOH- 
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PRIORITY APPLN. INFO . : JP 1969-59873 A 19690729 

JP 1969-59874 A 19690729 

AB A catalyst mixture containing 0.005-0.5 weight % amorphous or hexagonal Ge02 

[1310-53-8] or germanium tetraethoxide [14165-55-0], Sb [7440-36-0] to prevent 
loss of Ge (0.1-2.0 Sb per Ge; particle diameter <100~n) , Ca(0Ac)2 or 
Zn(OAc)2 / and optionally containing tpimethyl phosphate was useful for 
polycondensation of compns . containing dimethyl terephthalate (I) or mixts. of 
I and dimethyl isophthalate, and ethylene glycol (II) to give polyesters with 
improved whiteneBS. Thus, a mixture containing I 40, II 30, Ca(OAc)2 0.02, 
and Sb 0.006 g was heated at 190-210. deg. to cause ester-exchange reaction. 
After removal of MeOH formed the mixture was heated to 250. deg. to remove 
excess II. Amorphous Ge02 (0.01 g) was added and the composition was heated 1 
hr at 285. deg. and 0.5-mmto give a white polymer [25038-59-9], intrinsic 
viscosity (1 : 1. PhOH-C2H2Cl4 mixture, 25 . deg . ) , 0 . 735 , softening temperature 
258. deg., compared to 0.624 and 251. deg., resp*. , for a polymer prepared from a 
similar composition in the absence of Sb, and 0^.633 and 253. deg., resp., for a 
polymer prepared from a similar composition containing SbPh3 instead of Sb; 
the proportion of Ge02 retained in the product was 76%, compared to 40% for 
polycondensation of a similar composition without Sb. 
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AB A catalyst mixture containing 0.005-0.2 weight % crystalline Ge02 [1310-53-8] 
(particle diameter .apprx.100 u) and Ca(OAc)2 [62-54-4] or CaH2 [7789-78-8] 
(0.4-1.5 Ca per Ge) as a solution in ethylene glycol (I), Sb [7440-36-0] (0.1- 
2.0 Sb per Ge;' particle diameter <100 u) , and CaO, Zn(OAc)2, or Mg(OAc)2, and 
optionally containing triphenyl phosphate was useful for polycondensation of a 
composition containing dimethyl terephthalate (II) or mixts . of II and 
dimethyl isophthalate, and I to give polyesters with improved whiteness. 
Thus, a mixture containing II 200, I 150, Ca(OAc)2 0.1, and Sb 0.024 g was 
heated at 190-210° to cause ester- exchange reaction. After removal of MeOH 
formed the mixture was heated to 250° to remove excess I. A composition 
containing 0.04 g hexagonal Ge02 and 0.04 g Ca(OAc)2 in I was added and the 
mixture was heated 1 hr at 285° and 0.5 mm to give a white polymer [25038-59- 
9], intrinsic viscosity (1:1 PhOH-C2H2Cl4 mixture, 25°) 0.782 and softening 
temperature 259°, compared to 0.674 and 252°, resp., for a polymer prepared 
from a similar composition in the absence of Sb, and 0.688 and 254°, resp., 
for a polymer prepared from a similar composition containing SbPh3 instead of 
Sb; the amount of Ge02 retained in the polymer was 87%, compared to 72% for 
similar polymerization without Sb. 
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INFO. 
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Polyethylene terephthalate [25038-59-9] having good whiteness and transparency 
even after spinning was. prepared using Sb [7440-36-0] in the ester exchange 
catalyst composition Thus, dimethyl terephthalate 1000/ ethylene glycol 750, 
Mn(OAc)2 0.2 and Sb 0.05 part were heated 3 hr at 150-220. deg. while removing 
MeOH. Ge02 was added after removing ethylene glycol and the mixture was 
heated 3 hr at 2 80. deg. at 1 mm to give white polymer having intrinsic 
viscosity 0.711. 
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AB The title polymers were prepared by condensing -bis (co-hydroxyalkyl) 

n? r nh^nh lateS * nd i° r r ^ oli 9 omers in the Presence of an addition compound 
of phosphorous acid [13598-36-2] or hypophosphorous acid [6303-21-5] with 
am i n ! S ; T i 1US ' a mixture of-di-Me terephthalate 100, ethylene glycol (I) 70 
and Mn(OAc)2.4H20 0.03 part was heated at 165-210. deg. to re Je the theor 

a I^ Un J 2,S ' mi f Gd With 2 ° % 1 S ° ln ° f P^sphorous acid-triethylamine (1-4) 
adduct C51732-17-3] (0.05 mole %) , Ge02- (0.015 part in I) , and Ti02 (0 5 part 
in I) and heated at 280.deg./o.l mm for 2 hr to prepare poly (ethylene 
terephthalate) [25038-59-9] softening at 262 . 0 . deg. , compared with 259.0.deg 
for polymer prepared with H3P03 instead of the adduct. 
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The title polymers were prepared by condensing bis (co -hydroxy alkyl) 
terephthalates and/or their oligomers in the presence of an addition compound 
of phosphoric acid [7664-3 8-2] or polyphosphoric. acid with amines. Thus, a 
mixture of p- (Me02C) 2C6H4 100, ethylene glycol (I) 70, and Mn (OAc) 2 . 4H20 0.03 
part was heated at 165-210. deg. to remove the theor. amount of MeOH, and mixed 
with 0.05 mole % phosphoric acid-tributylamine (1:2) adduct [51732-15-1] 0.015 
part Ge02 in I), and 0.5 part Ti-02 (in I), and heated at 280.deg./0.1 mm for 
2 hr to prepare di-Me terephthalate -ethylene glycol copolymer [2503 8-59-9] 
softening at 261. 2. deg., compared with 258. 5. deg. using H3P04 instead of the 
amine adduct. 
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AB The title polymers were prepared by condensing bis (co- hydroxy alky 1) 

terephthalates and/or their oligomers in the presence of an addition compound 
of an acid phosphate or acid phosphite with an amine. Thus, a mixture of p- 
(Me02C)2C6H4 100, ethylene glycol (I) 70', and Mn (OAc) 2 . 4H20 0.03 part was 
heated at 165-210. deg. to remove the theor. amount of MeOH, mixed with 0.05 
mole % N,N-dibutylethanolamine -methyl acid phosphate (4:1) adduct [51732-16- 
2], 0.015 part Ge02 (in I), and 0.5 part Ti02 (in I), and heated at 
280.deg./0.1 mm for 2 hr to prepare di-Me terephthalate -ethylene glycol 
copolymer [25038-59-9] softening at 262.5.deg., compared with 259.3.deg. when 
Me acid phosphate was used instead of the amine adduct. 



Patent Number(s) : JP48079898-A 

Title: High mol-wt polyester with good whiteness - prepd by melting bis-(beta- 
hydroxyethyl) terephthalate quenching and finally poly condensing with a catalyst 
Patent Assignee Name(s) and Code(s): KURARAY CO LTD (KURSrC) 
Derwent Primary Accession Number: 1974-33336V [18] 

Patents Cited by Inventor: 0 rif . Dat ^ nf<5 . « Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 Clt,ng patents - u Articles Cited by Examiner: 0 
Abstract: 

A mixt. of bis(beta-hydroxyethyl) terephthalate (I) having extinction coeffs. 1.70 plus-or- 
minus 0.30 x 104 and 1.80 plus-or-minus 0.30 x 103 l./mole-cm at 242 and 288 mu, 
resp., in 95% aq. EtOH and >10% 2-4C glycol is melted at >90 degrees, quenched, 
washed or recrystd. with H20, hydrocarbon, halogenated hydrocarbon, ale, ether, 
ketone, carboxyllc acid, lower alkyl carboxylate, mercaptan, and/or sulphide, dried, 
heated 10-120 min. at 100-290 degrees, and polycondensed In the presence of <0.1' 
wt% polycondensation catalyst at high temp, and reduced pressure. The product has 
good whiteness and high mol. wt. 

Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds) 
Derwent Manual Code(s): A05-E04A : A10-G01 
Patent Details: 



Patent Number 


Ptibl. Date .-j 


MShO^C 




Page, Count 


Language 


JP48079898-A 


26 Oct 1973 ! 




197418 







Priority Application Information and Date: 



JP010729 



28 Jan 1972 



Patent Number(s): DE2313362-A; JP49005918-A; GB1418896-A; CA1006545-A 
Title: Sepg products of olefin sulphitation - with recovery of lower alcohol used as 
reaction medium 

Patent Assignee Name(s) and Code(s): UNILEVER NV ( UIMIL-O 
Derwent Primary Accession Number: 1973-64186U [43] 

Patents Cited by Inventor: 0 r; . . Pai . anl . c . n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 utmg Kacerus - u Articles Cited by Examiner: 0 
Abstract: 

Title reaction mixt contg. an olefin-bisulphite adduct, unreacted materials, water, a 2-4C 
alcohol (pref. isopropoanol, and sulphite and bisulphite ions is sepd. by (1) sepg. the 
solid adduct from the liq. phase;" (2) allowing the component of the liq. phase to 
separate, and removing the upper phase consisting mainly of the unreacted organic 
materials; (3) introducing bisulphite ions into the lower phase (pref. by adding a 
metabisulphite and an alkaline substance) and allowing the resulting two phases to 
separate, and (4) sepg. the upper phase consisting mainly of an alcohol-water mixt. from 
the lower phase consisting mainly of an aq. soln of the blsulphate material. By this 
method the 2-4C alcohol used as a reaction medium pref in mixt. with water) is 
recovered without distn. The whole process can be carried out continuously. The 
alkanesulphonates isolated by this method are used as active detergents. 
International Patent Classification: C07C-139/00 
Derwent Class: D25 (Detergents other than soap); E17 (Other aliphatics) 
Derwent Manual Code(s): D11-D05 : E10-A09A : E10-E04 
Patent Details: 



Ratent Number 






MairtlRC 


Week 


Page Count 


Language 


DE2313362-A 






197343 ; 






JP49005918-A 


19 Jan 1974 




197412 






GB1418896-A 


24 Dec 1975 




197552 






CA1006545-A 


08 Mar 1977 ; 




197712 







GB013089 21 Mar 1972 



JP 49006835 
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PATENT ASSIGNEE (S) : 
SOURCE : 
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LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 

PATENT NO. 



1975:31774 CAPLUS Full -text 

82:31774 

Polyesters 

Watanabe, Toru; Natsui, Kiyohisa; Kato, Takashige; 

Sasaki, Shingo; Mori, Hitokazu 

Japan Ester Co., Ltd. 

Jpn. Tokkyo Koho, 3 pp. 

CODEN: JAXXAD 

Patent 

Japanese 

1 



KIND DATE 



APPLICATION NO. 



DATE 



JP 49006835 
PRIORITY APPLN. INFO 
AB 



B 



19740216 



JP 1970-92575 19701021 <-- 

JP 1970-92575 19701021 
Dimethyl terephthalate (I) is transesterif ied with ethylene glycol (II) , and 
the product is polycondensed in the presence of a II dispersion of Sb203 
[1309-64-4] as catalyst to give white polyester [25038-59-9] . Thus, a mixture 
of 1 kg II, 50 g Sb203, and 5.0 g condensate of Na naphthalenesulfonate and 
HCHO was stirred at 35° for 2 hr, decanted, and allowed to stand for 24 hr to 
give a 4.26% Sb203 dispersion. A mixture of 7.76 kg I, 4.96 kg II, and 1.17 g 
Zn(OAc)2 was transesterif ied 5 hr at 120-230°, treated with 2.48 g Ph3P03 and 
48 ml Sb203 dispersion, and polycondensed 2 hr 35 min at 280°/0.5 mm to give a 
white polymer with intrinsic viscosity 0.72 (1:1 Ph0H-C2H2Cl4 , 20°) and m.p. 

ICG s° 



JP 49006839 
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1975:18518 CAPLUS Full -text 

82 : 18518 

Polyesters 

Chimura, Kazutoshi; Ito, Kazuo; Takashima, Shunichi; 

Shimoshinbara, Yoshihiro; Shindo, Tamao 

Mitsubishi Chemical Industries Co., Ltd. 

Jpn. Tokkyo Koho, 4 pp. 

CODEN: JAXXAD 

Patent 

Japanese 

1 



PATENT NO. 



KIND DATE 



JP 49006839 
PRIORITY APPLN. INFO. 
AB 



B 



19740216 



APPLICATION NO. 



DATE 



JP 1970-116022 19701222 <-- 

JP 1970-116022. 19701222 
Polyesters with good whiteness are prepared by adding malonic acid [141-82-2] 
or its derivative [R1C (R2) (C02H) 2 ; Rl, R2 = H, alkyl, cycloalkyl, aryl, allyl] 
to the polymerization system of bis ( hydroxy ethyl) terephthalate in the 



presence of a Sb compound catalyst. Thus, , a mixture of di-Me terephthalate 
10,000,. ethylene glycol 7500, and Mg(OAc)2 6 parts was transesterif ied, mixed 
at 240° with 3.2 parts tri-Me phosphate dissolved in ethylene glycol, mixed 
with a heated mixture of Sb203 [13 09 -.64 -4] 5, ethylene glycol 2 00, and malonic 
acid 3.6 parts, and polymerized 2 hr 'at 28572mm to give a white polyester 
with softening point 261° and intrinsic viscosity 0.757 (1:1 PhOH-CHCl2CHCl2, 
.25°), from which a polyester fiber with good whiteness was obtained. 
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INVENTOR (S) : 

PATENT ASSIGNEE (S) : 
SOURCE : 
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LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



1974:507233 CAPLUS Full -text 
81:107233 

Poly (ethylene terephthalate) 

Chimura, Kazuya; I to, Kazuo; Takashima, Shunichi; 
Shimoniihara, Yoshihiro; Shindo, Mizuo 



Mitsubishi Rayon Co, 

Jpn. Tokkyo Koho, 5 

CODEN: JAXXAD 

Patent 

Japanese 

1 



Ltd. 



pp. 



PATENT NO. 



KIND DATE 



APPLICATION NO. 



DATE 



JP 49009116 
PRIORITY APPLN . INFO 
AB 



B 



19740301 



JP 1970-47328 19700602 <-- 

JP 1970-47328 19700602 
Polycondensation of bis (0 -hydroxy ethyl) terephthalate or its mixture with 
isophthalate in the presence of a phosphate ester, e.g., trimethyl phosphate 
(I) [512-56-1], and a fused mixture containing 0.0009-0.02 mole % Ge02 [1310- 
53-8] and .geq. 0.035 mole % Sb203 [1309-64-4] (mole ratio of Ge to Sb = 
. leq.0.5) based on the carboxylic acid component of the polymer formed to give 
polymers [containing .leq.l weight% diethylene glycol (II) and .leq.20% Sb 
(based on moles of Sb in Sb203)] and spinning the resulting polymers gave 
fibers with improved brightness and dyeability. Thus, a composition 
containing dimethyl terephthalate 10,000, ethylene glycol (III) 7500, and Mg 
acetate 6 parts was heated 3 hr at 150-220. deg. under N to cause 
transesterif ication. Excess III was removed by distillation and a product 
prepared by heating 3.2 parts I and 100 parts III at 175. deg. and 3.2 parts 
15:1 weight ratio Sb203-Ge02 mixture were added. The mixture was 
polycondensed 2 hr at 285. deg. /2 mm to give poly (ethylene terephthalate) (IV) 
[25038-59-9], intrinsic viscosity (1:1 PhOH-C2H2Cl4 , 25. deg.) 0.761, II 
content 0.66%, Sb content 3% (based on moles of Sb in Sb203) , compared to 
0.626, 0.61%, and 21% for a polymer prepared similarly in the presence of 
Sb203 instead of Sb203-Ge02 mixture IV was spun to give 75 denier (36 
filaments) fibers, optical brightness 88.1%, compared to 80.4% for fibers 
obtained from a polymer prepared similarly in, the presence of Sb203 . 



Patent Number(s): JP49010834-A 

Title: Chemical milling metal - by immersing in a dil aq soln of mineral acid and lignin 
inhibitor 

Patent Assignee Name(s) and Code(s): ARMCO STEEL CORP ( ARMC-O 
Derwent Primary Accession Number: 1974-25800V [14] 

Patents Cited by Inventor: 0 riKnrt Dafonfc , n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 ucmg Katems ' u Articles Cited by Examiner: 0 
Abstract: 

Method of treating stainless steel and nickel alloy, comprises immersing in an aq. soln. of 
H2S04, HCI, HN03, and lignin inhibitor, removing desired amt. of metal by treating it for 
several hours at a temp, which causes microcoarse surface to forn. no surface cracking 
occurs. 

Derwent Class: M14 (Other chemical surface treatments) 
Derwent Manual Code(s): M14-A 
Patent Details: 



Patent Number j-PMbl;, Date 


Main IPC 


meek 


Page Count] Language 


JP49010834-A 1 30 Jan 1974 




197414 


1 



Priority Application Inf ormation and Date: 

JP053885 1 01 Jun 1972 



Patent Number(s): JP49045015-A; JP79011289-B 

Title: Dicarboxylic acid glycol esters prepn. - by transesterification In presence of an 

epoxide or styrene oxide with quaternary ammonium or tert amine compds 

Patent Assignee Name(s) and Code(s): TQYO SPINNING CO LTD ( TOYM-O : TQYO 

SPINNING CO LT (TOYM^C); ( TOYM-Q 

Derwent Primary Accession Number: 1974-62035V [20] 

Patents Cited by Inventor: 0 riHnn Pa f« nf . c . n Articles c!ted b Y Inventor: 0 
Patents Cited by Examiner: 0 cmng Katen,:s ' u Articles Cited by Examiner: 0 
Abstract: 

Dicarboxylic acid glycol esters are prepd. by transesterification in the presence of (a) 
epoxide (I; X = halo, 1-10C alkyl, RO, p-R'C6H40, where R = 1-17C alkyl and R' = 1-8C 
alkyl, halo, Ph) or styrene oxide and (b) quaternary ammonium salts or hydroxides, 
tertiary amines, their org. acid salts, phosphines, alkali or alk. earth metal, salts, or 
M1M2R complex (Ml-2 = metal, R = H, 1-4C alkyl), with or without usual ester- 
interchange catalysts. This effects rapid transesterification. In an example, heating 582 
pts. di-me terephthalate and 410 pts. ethylene glycol with 4.5 pts. Ph glycidyl ether and 
0.64 pts. cetyltrimethyiammonium chloride at 197 degrees caused 98.5% 
transesterification in 30 mln and complete reaction in 33 min. Polymn. with Sb203 gave 
a colourless polyester of high intrinsic viscosity. 

International Patent Classification: B01J-031/02 : C07C-Q67/03 : C07C-069/00 
Derwent Class: A41 (Monomers, Condensants (see also Section E)); E19 (Other organic 
compounds general - unknown structure, mixtures) 
Derwent Manual Code(s): A02-A : A05-E01A : E10-G02 
Patent Details: 



Patent Number 


Publ. Date v 


Main IPC | Week | Page Count 


Language 


JP49045015-A 


27 Apr 1974 


j 197435 j 




JP79011289-B 


14 May 1979 


j 197923 j 




Priority Application Informat 


on and Date: 



JP089856 : 07 Sep 1972 



rw«„ D a fro«f C . n Articles Cited by Inventor: 0 
Citing Patents: 0 Art j c|es cfted by Exam|ner: „ 



Patent Number(s): JP49045014-A 

Title: Dicarboxyllc acid glycol esters - prepd. by transesterification In presence of quat 
ammonium halldes or pyridinium halides, alkali metal hydride and other cpds 
Patent Assignee Name(s) and Code(s): TOYO SPINNING CO LTD f TOYM-C ): (TOYMz 
£) 

Derwent Primary Accession Number: 1974-60632V [20] 
Patents Cited by Inventor: 0 
Patents Cited by Examiner: 0 
Abstract: 

Dicarboxyllc acid glycol esters are prepd. by transesterification in the presence of (a) 
quaternary ammonium halides R1R2R3R4N+X- (Rl-4 = 1-23C alkyl, PhCH2, Ph; X = 
halo) or pyridinium halides R(C5H5N+)X- (R - 1-23C alkyl, PhCH2 Ph) and (b) alkali 
metal hydrides or salts, M1M2R complex (Ml-2 = metal; R = H, 1-4C alkyl), phosphines, 
tertiary amines, or their org. acid salts, with or without usual ester-Interchange catalysts. 
This effects rapid transesterification. In an example, heating 582 parts di-Me 
terephthalate and 410 parts ethylene glycol with 1.92 parts cetyltrimethyl-ammonium 
chloride and 0.6 part KOAc at 197 degrees caused 90.5% transesterification in 30 min 
and the reaction completed In 60 min, compared with 78.3% and 185 min, resp., for the 
control (0.21 part Zn(0Ac)2). Polymn. with Sb203 gave a colourless polyester of higher 
intrinsic viscosity. 

Derwent Class: A41 (Monomers, Condensants (see also Section E)); E19 (Other organic 

compounds general - unknown structure, mixtures) 

Derwent Manual Code(s): A02-A : A02-A07 : AQ5-E01A ; E10-E04 

Patent Details: 



Patent Number 


;Publ. Date 


Main IPC 


•Weelk'' . 


PageCourit 


Language 


JP49045014-A 


27 Apr 1974 




197434 







Priority Application Inf ormation and Date 



JP089855 



07 Sep 1972 



Patent Number(s): JP50039711-A; JP79037607-B 

Title: Zinc oxide -zinc sulphide type composite ceramics - contg. small cobalt oxide 
content, for electroluminescent and photoelectric devices 

Patent Assignee Name(s) and Code(s): MATSUSHITA ELEC IND CO LTD f MATU-O 
Derwent Primary Accession Number: 1975-69670W [42] 

Patents Cited by Inventor: 0 r!finn Dafonfe . n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 Clting Katenrs ' u Articles Cited by Examiner: 0 
Abstract: 

Ceramics composed of ZnO-based ceramic layers and Zn ZnS-based ceramic layers are 
prepd. from ZnO contg. 0.01-2.5 wt.% CoO. The addn. of CoO lowers the elec. resistant 
of the ZnO- and ZnS-based layers, and thus, the ceramics are useful in various 
electronics devices e.g. electroluminescent and photoelec. devices. 
International Patent-Classification: B32B-009/00 : C04B-035/00 : C04B-039/00 : 
C04B-041/06 : C09K-011/22 : H01L-031/12 

Derwent Class: L03 (Electro-(ln)organic, chemical features of electrical devices); P73 
(Layered products); U12 (Discrete Devices, e.g. LEDs, photovoltaic cells) 
Derwent Manual Code(s): L02-J02C : L03-C02C : L03-D04E 
Patent Details: 



Patent Number 


Pub!, Date j Main IPC 


Week 


Page Count 


Language 


JP50039711-A 


12 Apr 1975 j 


197542 






JP79037607-B 


16 Nov 1979 ] 


197950 







Priority Application Info rmation and Date: 



JP091483 14 Aug 1973 



Patent Number(s): JP51042795-A; JP78020077-B 

Title: Polyester prepn. by ester-interchange, condensation polymerisation - using 
ethylene-glycol and dimethyl-terephthalate in specified ratio with catalyst 
Patent Assignee Name(s) and Code(s): TORAY INP INC f TORA-C ) 
Derwent Primary Accession Number: 1976-40686X [22] 

Patents Cited by Inventor: 0 rWnn Dafon *. e . n Articles cited b Y Inventor: 0 
Patents Cited by Examiner: 0 utmg patents ' u Articles Cited by Examiner: 0 
Abstract: 

Polyester is prepd. by ester-exchanging and condens.-polymsg. a dicarboxylic acid, 
mainly of dimethylterephthalate, with glycol, mainly of ethyleneglycol, using a molar ratio 
of ethyleneglycohdimethylterephthalate = 1,30:1-1.80:1. An ester-exchanging catalyst 
satisfying the equation (I) is used; the ester-exchanging reaction completed below 250 
degrees C followed by condensn. polymsn.- (where K(hr-l(moL/kg.)-l)represents the 
reaction velocity constant between methyl ester and hydroxyl gp. of hydroxyethyl ester; 
and m = molar ratio of ethyleneglycol to dimethylterephthalate. 
International Patent Classification: C07C-067/03 ; C07O069/82 : C08G-063/22 
Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds) 
Derwent Manual Code(s): A05-E04A 
Patent Details: 



Patent Number 


Rub). Date 


Main IPC Week 


Page Count! 


Language 


JP51042795-A 


12 Apr 1976 


] 197622 






JP78020077-B 


24 Jun 1978 


1 197829 







Priority Application Information and Date: 



JP115463 



09 Oct 1974 



Patent Number(s): JP51127195-A; JP78037116-B 

Title: Polyester prodn, from crude terephthalic acid and ethylene glycol - and 

polycondensing the obtd. ester in presence of metal cpds. 

Patent Assignee Name(s) and Code(s): MITSUBISHI CHEM I IMP LTD fMITU-O 

Derwent Primary Accession Number: 1976-95439X [51] 

Patents Cited by Inventor: 0 rMnn p a t Pn |. c . n Articles cited b Y Inventor: 0 
Patents Cited by Examiner: 0 umng raxen,:s - u Articles Cited by Examiner: 0 
Abstract: 

Good quality polyester is produced by reacting crude terephthalic acid and ethylene 
glycol, and polycondensing the obtd. ester. Terephthalic acid contg. 100-1000 ppm of 4- 
carboxybenzaldehyde is esterified directly with ethyleneglycol. The obtd. ester is 
polycondensed in the presence of an antimony cpd., a cobalt cpd, and a tin cpd. The Sb 
cpd. may be antimony trioxlde, 0.6-4x10-4 mol per mol of terephthalic acid; the Co cpd. 
may be cobalt chloride or cobalt acetate, 0.5-5x10-4 mol as cobalt per mol of 
terephthalic acid and the Sn cpd. may be tin oxide or tin succinate, 3-50 ppm as tin per 
terephthalic acid. Polyester is used to produce fibres and films. 
International Patent Classification: CQ7C-067/08 ; C07C-069/82 ; C08G-063/36 
Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds). 
Derwent Manual Code(s): A02-A06 ; A02-A07A : A05-E04A 
Patent Details: _____ ______ 



Patent Number 


Publ. Date ; 


Main IPC| Week 


Page Count Language 


J P5 1127195- A 


05 Nov 1976 




197651 


i 




JP78037116-B 


06 Oct 1978 ! 




197844 
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:ion Information and Date: 
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JP 51145594 
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PATENT INFORMATION: 

PATENT NO. 



1977:91636 CAPLUS Full -text 
86:91636 

Polyester fibers having good brightness from 
terephthalic acid 

Nakagawa, Junyo; Kondo, Yoshifumi; Tsuji, Takaakira 

Kuraray Co., Ltd., Japan 

Jpn. Kokai Tokkyo Koho, 6 pp. 

CODEN: JKXXAF 

Patent 

Japanese 

1 



KIND DATE 



APPLICATION NO. 



DATE 



JP 51145594 
PRIORITY APPLN. INFO 
AB 



19761214 



JP 1975-69866 19750610 <-- 

JP 1975-69866 A 19750610 

Terephthalic acid (I) , with or without <20% isophthalic acid, and ethylene 
glycol (II) are heated in a reactor containing 7-40% of the product from the 
previous batch in the presence of 0.005-0.2 mol % (based on I) amines to 90- 
98.5% esterification and polycondensed in the presence of 2-200 ppm 
(calculated as P) P compds. to give polyester fiber materials having good 
brightness and containing relatively few diethylene glycol (III) units. Thus, 
I 100, II 67.2, Sb203 0.035, Ti02 0.52, and Bu3N [102-82-9] 0.0444 part were 
heated 168 min in a reactor containing 17% of the product from the previous 
batch at 250° and 1.3 kg/cm2 to 94% esterification. An 83% portion of the 
product was transferred to a next reactor, heated and evacuated in the 
presence of 0.0245 part H3P03 to 275°/l0 mm, held there for 20 min addnl., and 
heated 71 min at 280°/0.5 mm to give polyester (IV) having intrinsic viscosity 
0.63..dL/g (30°, 1:1 PhOH-C2H2Cl4) and containing 2.2 mol % III units, which 
was spun into fibers having brightness (Y value) 1.1, compared with 75 min, 
6.1 mol %, and 6.2, resp., for a similar IV ..prepared by esterifying I with II 
without the product from the previous batch (94% esterification time 400 min) . 



Patent Number(s): JP52123489-A 

Title: Heat resistant polyester prodn. - using opt. halogenated organo-tin and trivalent 
antimony cpds. 

Patent Assignee Name(s) and Code(s): TORAY IND INC ( TORA-G 
Derwent Primary Accession Number: 1977-84085Y [47] 

Patents Cited by Inventor: 0 r5finri Dafonfc , n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 utmB paients ' u Articles Cited by Examiner: 0 
Abstract: 

Polyesters are prepd. by polycondensatlon of bifunctlonal carboxylic acids glycol ester (I) 
and/or its low polymer, using trivalent antimony cpd. as the polycondensation catalyst 
and tetravalent tin cpd(s) of formulae (I), (II) and (III). These are added after the 
esterification or trans-esterificatlon. The molar ratio of.Sn/Sb is 0.005-0.1: (I) is prepd. 
by reacting bifunctional carboxylic acid contg. chiefly terephthalic acid, or its ester- 
forming deriv. with glycol, contg. chiefly ethylene glycol, or Its ester-forming deriv. In the 
formulae Rl = 1-10C alkyl, cycloalky, aryl or OH; R2 and R3 = 1-10C alkyl cycloalkyl, or 
aryl; X and Y are halo 1-12C alkoxyl (pref. C2H50) and Z = halogen (pref cl) Rl-3 is 
pref. C4H9. Halogen is pref. CI. The polyester has improved colour tone and heat 
resistance. 

The trivalent antimony cpds. are antimony trioxlde antimony glycolate, etc. and are used 
pref. Inc ones, of 0.03-0.1 mol% based on the acid component in the polymer. 
International Patent Classification: C08G-063/36 
Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds) 
Derwent Manual Code(s): A02-A07 : A02-B : A05-E01A _ 
Patent Details: 



;P9terit;:NurTiber.' 


PuBl. ©ate |Warir;ip!^; 


Week jpage Count 


-Language 


JP52123489-A 


17 Oct 1977 




197747 j 





Priority Application Inf ormation and Date: 

JP039264 1 09 Apr 1976 | 



Patent Number(s): JP52129798-A 

Title: Polyester prodn. esp. polyethylene terephthalate with fewer ether-gps. - by 
esterifying in the presence of e.g. titanium cpd. and then adding alkoxide of antimony 
and/or germanium and polycondensing 

Patent Assignee Name(s) and Code(s): MITSUBISHI RAYON CO LTD ( MITR-O 
Derwent Primary Accession Number: 1977-88839Y [50] 

Patents Cited by Inventor: 0 r : Hnn Dafer1l . CI n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 ucmg Katents " u Articles Cited by Examiner: 0 
Abstract: 

Prodn. comprises continuously reacting a slurry of terephthalic acid contg. ethylene glycol 
in a molar ratio 1.05-1. 8. . Reaction is at 230-270 degrees C under atmospheric pressure - 
7 kg/cm2-G until 80-94% of the residual gps. of acid remain. Reaction mixt is fed to a 
second reactor a d allowed to react at 250 degrees C-280 degrees C and atmospheric 
pressure -200 mmHg-ab until >95% of the residual acid gps. are esterified. 

Esterification is conducted in the presence of 1 of Ti Mg and Co cpds. and then antimony 
alloxide and/or germanium alkoxide are added to the esterified material, followed by 
subjecting the whole mixture to polycondensation, to obtain the corresp. polyester. 

Process is esp. for prodn. of polyethylene terephthalate contg. relatively fewer ether- 
linkages with high whiteness. 

International Patent Classification: CQ8G-063/22 
Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds) 
Derwent Manual Code(s): A02-A06 ; A02-A07 : A02-A07A ; A05-E04A 
Patent Details: 



Patent Number 


Publ, Date 


Main IPC 




iPage Count 


Language 


JP52129798-A 


31 Oct 1977 




197750 







Priority Application Information and Date: 



JP047443 



26 Apr 1976 



Patent Number(s): JP52129799-A 

Title: Polyester prodn. esp. polyethylene terephthalate with fewer ether gps. - by 
esterlflcatlon In presence of e.g. cobalt cpd. and then adding alkoxide of antimony and/or 
germanium and polycondensing 

Patent Assignee Name(s) and Code(s): MITSUBISHI RAYON CO LTD ( MITR-P 
Derwent Primary Accession Number: 1977-88840Y [50] 

Patents Cited by Inventor: 0 r3f . n Dafonf c . - Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 Utmg patems " A Articles Cited by Examiner: 0 
Abstract:. 

Prodn. of polyester Is by esterifying terephthallc acid and ethylene glycol in two steps, 
continuously followed by subjecting the esterified prod, to polycondensation. 
Ethylene glycol and terephthallc acid are mixed In a molar ratio of 1.2-2.0 and the 
mixture is made Into a slurry, which is continuously fed to a first reaction vessel a part of 
the ethylene glycol being taken out of the bottom of the rectification tower attached to 
the first reaction vessel so that the molar ratio f ethylene glycol and terephthalic acid in 
the reaction product in the first reaction vessel is 1.0-1.3. AT least part of the liquid thus 
removed is fed to the second reaction vessel together with the esterified product taken 
out of the first reaction vessel. 

Esterlflcatlon In the second reaction vessel is with a molar ratio ethylene glycol and 
terephthalic acid of 1.05-1.3. Esterifi cation is conducted in the presence of 1 Co Mg orTi 
cpd. followed by addition of antimony alkoxide and/or germanium alkoxide and 
polycondensation. 

Process allows prodn. of polyethylene terephthalate contg. fewer ether linkages and high 
whiteness. 

International Patent Classification: C08G-063/22 
Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds) 
Derwent Manual Code(s): A02-A06 : A02-A07 : A02-A07A : A05-EQ4A 
Patent Details: 



Patent Number 1 ; 


Publ. Date 


i*aih|PC 


Week . ^ 


Page Count 




JP52129799-A 


31 Oct 1977 




197750 







Priority Application Inf ormation and Date: 

JPO47444 1 26 Apr 1976 ] 



Patent Number(s): JP53051294-A 

Title: Polyester prodn. from terephthalic acid and ethylene glycol - using catalyst obtd. 
by reacting antimony cpd. and cobalt cpd. in ethylene glycol solvent 
Patent Assignee Name(s) and Code(s): MITSUBISHI RAYON CO LTD fMITR-O 
Derwent Primary Accession Number: 1978-44662A [25] 

Patents Cited by Inventor: 0 rmtl#i Dafonfe( n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 Utmg paterus ' u Articles Cited by Examiner: 0 
Abstract: 

Prepn. of polyester comprises esterifying terephthalic acid with ethylene glycol and 
polymerising the resulting ester to obtain polyester. A soln. obtd. by reacting an Sb cpd. 
and a Co cpd. in ethylene glycol as solvent is used as catalyst. 

Esterificatlon is carried out In a simple batch process, semi-batch process or a continuous 
process. The catalyst is prepd. either by mixing ethylene glycol soln. of Sb cpd, and Co 
cpd. to react and dissolve, or by adding Co cpd. to ethylene glycol soln. of Sb cpd. and 
heating to react and dissolve. The amt. of Sb cpd. in the soln. is 0.005-3.0 (1.0-2.0) 
wt.% in terms of Sb203 and the amt. of Co cpd. is 0.005-4.0 (1.0-2.0) wt.% in terms of 
Co acetate. 

The esterificatlon rate is increased, formation of diethylene glycol as a by-prod. Is 
inhibited and colouring of the polymer is prevented. 

International Patent Classification: C07C-067/08 : C07C-069/82 : C08G-063/34 
Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds) 
Derwent Manual Code(s): A02-A06 ; A02-A07A ; A05-E04A 
Patent Details: 



Patent Number 


Rubl. Date J Main IPC 


Week ' • 


Page Count 1 


language 


JP53051294-A 


10 May 1978 




197825 i 






Priority Application Information and Date: 



JP126925 



22 Oct 1976 



/ 



Patent Number(s): JP53051295-A 

Title: Polyester prodn. from terephthalic add and ethylene glycol - using catalyst obtd. 
by reacting antimony cpd., cobalt cpd. and phosphorus cpd. in ethylene glycol solvent 
Patent Assignee Name(s) and Code(s): MITSUBISHI RAYON CO LTD f MITR-C ) 
Derwent Primary Accession Number: 1978-44663A [25] 

Patents Cited by Inventor: 0 rifinn Pat .« nl . c . ? Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 wn " B Kai:enis - ^ Articles Cited by Examiner: 0 
Abstract: 

Prepn. of polyester comprises esterifying terephthalic acid wit ethylene glycol and 
polymerising the resulting ester to obtain polyester. A soln. obtd. by reacting an Sb cpd., 
a Co cpd. and a P cpd. in ethylene glycol solvent is used as catalyst. 

Esterification Is by a simple batch process, a semi batch process or a continuous process. 
The catalyst Is prepd. by mixing and reacting ethylene glycol solns. of Sb cpd., Co cpd. 
and P cpd. by adding Co cpd. to the ethylene glycol soln of Sb cpd. to react and then 
adding P cpd. to the resulting soln. or by mixing the ethylene glycol solns. of Sb cpd. and 
of P cpd. and then adding Co cpd. to react and dissolve. 

The amt. of Sb cpd. Is 0.005-3.0 (1.0-2.0) wt.% in terms of Sb203, the amt. of Co cpd. 
is 0.005-4.0 (1.0-2.0) wt.% in terms of Co acetate and the amt. P cpd. is 0.001-3,0 (0.5- 
2.0) wt.% in terms of trimethyl phosphate. 

The esterification rate is increased, formation of diethylene glycol as a by-prod, is 
inhibited and colouring of the resulting polymer is prevented. 
International Patent Classification: C07C-067/08 : C07C-069/82 ; C08G-063/34 
Derwent Class: A23 (Polyamides, polyesters, polycarbonates, afkyds) 
Derwent Manual Code(s): A02-A06 : A02-A07A : A05-E04A 
Patent Details: 



jpatent NurTiber j Pubi/ Date | Main IPC 


Week [Page Count [Language 


J JP53051295-A ] 10 May 1978 j 


197825 
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JP126926 22 Oct 1976 



Patent Number(s): JP53052595-A; JP80027096-B 

Title: Polyester prodn. - by polycondensing bis(beta-hydroxyethyl) terephthalate! in 
presence of antimony cpd. and organic tin cpd. 

Patent Assignee Name(s) and Code(s): NIPPON ESTER CO LTD ( NPEOO 
Derwent Primary Accession Number: 1978-44914A [25] 

Patents Cited by Inventor: 0 rSf . Snn Dafrflnfei n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 urmg Katents ' u Articles Cited by Examiner: 0 
Abstract: 

Polyesters are prepd. by polycondensing bis(beta-hydroxyethyl)terephthalate (I) or a 
compsn. contg. mainly (I) in the presence of an antimony cpd. and 0.01-0.05 mol (w.r.t, 
antimony cpd.) of an organic tin cpd. soluble in ethylene glycol. 

Organic tin cpds. include organic stannic oxide, organic stannic hydroxide, organic tin 
alcoholate, organic tin glycolate, organic tin phenolate, inorganic acid salt of organic tin, 
etc. Antimony cpds. include antimony trioxide, antimony trichloride, antimony acetate 
and antimony glycolate 

Reddening of polyesters is avoided while maintaining excellent transparency and colour 
tone. 

International Patent Classification: C08G-063/34 

Derwent Class: A23 (Polyamldes, polyesters, polycarbonates, alkyds) 

Derwent Manual Code(s): AQ2-A07 : A05-E04A 

Patent Details: ____________ 
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JP53052595-A 
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JP80027096-B 


18 Jul 1980 


j 198033 






Priority Applicat 
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Patent Number(s): 3P53105591-A; JP80030730-B 

Title: Polyester prepn. from bis-(beta-hydroxyethyl)-terephthalate - by polycondensing, 
in presence of antimony cpd., organo-tin cpd. and antioxidant, giving transparent prod, 
for film and fibre mfr. 

Patent Assignee Name(s) and Code(s): NIPPON ESTER CO LTD ( NPEC-C ) 
Derwent Primary Accession Number: 1978-75507A [42] 

Patents Cited by Inventor: 0 r!Hnn Pafonfc . n Artic,es cited b V Inventor: 0 
Patents Cited by Examiner: 0 utmg Katents ' u Articles Cited by Examiner: 0 
Abstract: 

Prepn. of polyester comprises polycondensing bis-(beta-hydroxyethy!)terephthalate In the 
presence of (a) an Sb cpd. (b) an ethylene glycol-soluble organic Sn cpd. in an amt. of 
0.01-0.3 mol. (calculated as Sn atom) per mol. of the Sb atom and (c) >0.01 mol. of 
an antioxidant per mol. of Sn atom. 

Pref. (b) is a tetravalent organic Sn cpd. organic Sn oxide (e.g. dibutyl tin oxide) alkoxide 
(e.g. dibutyline methoxide) hydroxide (e.g. triphenyltin hydroxide), glycoxide, phenoxide 
(e.g. dibutyltln diphenoxide) organic Sn inorganic acid salt (e.g. trimethyltin nitrate) 
organic sn carboxylic acid ester (e.g. dibutylin maleate) or tetraalkyltln (e.g. 
tetrabutyitin). Pref. (c) is a phenol series (e.g. butyloxyanisole)amine (e.g. phenyl-alpha- 
naphthylamine) or quinone series (e.g. hydroquinone) antioxidant. 

Addn. of (b) and (c) prevents the polyester from becomblng reddish and Imparts 
transparency. The polyester are useful as raw materials for fibres, films, etc. 
International Patent Classification: CQ8G-063/34 

Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds); £01 (Threads 
and fibres, natural or artificial; spinning) 

Derwent Manual Code(s): A02-A07 : A05-E04A : A08-A06 : F01-D04 
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Priority Application Information and Date: 



JP020546 26 Feb 1977 



Patent Number(s): JP54135896-A 

Title: Prepn. of polyester with good transparency and hue - by polycondensing bis(beta- 
hydroxyethyl)-terephthalate using antimony catalyst, adding organo-tin cpd. cobalt cpd. 
and alkali metal cpd. 

Patent Assignee Name(s) and Code(s): NIPPON ESTER CO LTD ( NPEC-C ) 
Derwent Primary Accession Number: 1979-86885B [48] 

Patents Cited by Inventor: 0 r - f . D . . n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 utmg paients - u Articles Cited by Examiner: 0 
Abstract/ 

Polyester is prepd. by polycondensating bis(beta-hydroxyethyl)terephthalate using an Sb 
cpd. as catalyst. 

The Improvement comprises adding to the reaction system an organotin cpd. (e.g. 
dlmethyltln oxide or trimethyltin chloride), a cobalt cpd. (e.g. CoCI2 or cobalt- acetate) 
and an alkali metal cpd. (e.g, hydroxide, methylate, ethylate carbonate, borate, formate, 
acetate or benzoate of Li, Na or K) in a ratio satisfying the formulae 1 x 10-4 A 10 x 10- 
4; 0.01 B/A 0.2; 0.2 x 10-4 C 2 x 10-4 and 0.1 D/A 3. In the formulae, A, B, C, D = mol. 
of Sb, Sn, Co and alkali metal, respectively, per mol. of the acid component constituting 
the polyester). 

Blue hue resulting from the cobalt cpd. is strengthened and a distinct blue colour can be 

obtd. unlike the blacky-blue colour obtd. by the use of the cobalt cpd. alone. 

International Patent Classification: C08G-063/22 

Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds) 

Derwent Manual Code(s): A02-A07 : A05-E04A : A08-M09 
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Priority Application Inf ormation and Date: 



JP043563 



13 Apr 1978 



Patent Number(s): JP54163996-A; JP86018568-B 

Title: Polyethylene terephthalate! with Improved colour - prepd. by polycondensation of 
bis beta-hydroxyethyl terephthalate in presence of added antimony, tin, cobalt and 
magnesium cpds. 

Patent Assignee Name(s) and Code(s): NIPPON ESTER CO LTD (NPEC-Q 
Derwent Primary Accession Number: 1980-10415C [18] 

Patents Cited by Inventor: 0 rWnn Paft(anfrci n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 cmng Kai:encs - u Articles Cited by Examiner: 0 
Abstract: 

In the prodn. of a polyester by polycondensn. of bis(beta-hydroxyethyl)terephthalate, an 
antimony cpd., organic tin cpd., cobalt cpd. and magnesium cpd; are added fn amts. that 
satisfy the equations. 1 x 10-4 A 8 x 10-4; 0.01 B/A 0.15; 0.2 x 10-4 C 1.5 x 10-4; and 
0.1 D/A 5., where A,B,C, and D are moles of Sb,Sn,Co and Mg per mole of acid 
component of the polyester. 

Sb cpds. are Sb trioxide, acetate, trichloride, etc. The organic Sn cpds. are diemthyl tin 
oxide, triphenyl tin hydroxide, etc. The Co cpds. are Co chloride, acetate, etc. The Mg 
cpds. are Mg hydroxide, carbonate, etc. 

The presence of the Mg cpd. increases the bluing effect of cobalt cpd. and yellowing of 
polyester is controlled. The method produces PET with excellent transparency and colour 
tone can be obtd. 

International Patent Classification: C08G-063/36 

Derwent Class: A23 (Polyamldes, polyesters, polycarbonates, alkyds); E12 

(Organometallics); A6Q (Additives, Compounding Agents); E37 (Mixtures of many 

components) 

Derwent Manual Code(s): A02-A06 : A05-E04A : A09-A02 : E05-F01 : EOS- J : E05-L02 : 
E31-M; E34-B; E35-V 
Patent Details: 
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JP54163996-A 


27 Dec 1979 


j 198006 | 
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JP072781 ] 16 Jun 1978 



Patent Number(s): JP55089332-A 

Title: Prodn. of polyester having excellent properties - from terephthalic aeid and glycol 
with addn. of phosphorus cpd. and using antimony cpd. catalyst 
Patent Assignee Name(s) and Code(s): NIPPON ESTER CO LTD ( NPEC-C V • 
Derwent Primary Accession Number: 1980-59294C [34] 

Patents Cited by Inventor: 0 rSf . 5nn Daten L C , n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 9 KaterK5 " u Articles Cited by Examiner: 0 

Abstract: 

In the prepn. of polyester where difunctional carboxylic acids mainly comprising 
terephthalic acid and glycol are directly esterified followed by polycondensation, the 
Improvement comprises adding a P cpd. of formula (I), pref. (II), (III) or (IV), in an amt 
of 0.2- x 10-4 mol-20 x 10-4 mol per mol of the starting acid components to the 
esterifi cation system and using an Sb cpd. (e.g. trioxide, trichloride or acetate) as 
catalyst for polycondensation. (Where n = 1 or 2:R' is H or hydrocarbon gp.; R2 Is 
hydrocarbon gp.; R3 is H or hydrocarbon gp.). 

The resulting polyester has excellent heat stability, transparency and hue. When the 
phosphorus cpd. is added after the completion of esterification, no improvement is obtd. 
The Sb cpd. is pref. used in an amt. of 1 x 10-4 - 10 x 10-4 mol (as Sb) per mol of the 
acid components constituting the polyester. 
Drawing: 



International Patent Classification: C08G-063/68 
Derwent Class: A23 (Polyamldes, polyesters, polycarbonates, alkyds) 
Derwent Manual Code(s): A02-A07 : A02-A11 ; AQ5-E04A 
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Patent Number(s): JP55149320-A 

Title: Mfr. of polyester contg. no insoluble catalyst contaminants - using glycol soluble 
molybdenum, antimony titanium, tin, germanium and zinc cpds. as catalysts 
Patent Assignee Name(s) and Code(s): NIPPON ESTER CO LTD ( IMPEC-C ) 
Derwent Primary Accession Number: 1981-04926D [08] 

Patents Cited by Inventor: 0 rJfinn p-t^nfc. 9 Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 u "" 9 Kaients ' * Articles Cited by Examiner: 0 
Abstract: 

Process comprises using glycol soluble cpds. at least 1 of antimony, titanium, 
germanium, tin, zinc as catalyst and also 0.1-10 micro moles/ mol of monomer acid a 
glycol soluble molybdenum cpd. The dicarboxyllc acid Is mainly terephthalic and the 
glycol mainly ethylene glycol.The glycol soluble cpds. are e.g. antimony trioxide, 
antimony trichloride, titanium tetramethoxlde, titanium tetraethoxlde, germanium, tetra- 
ethoxide, germanium tetra-n-butoxide, di-n-butyl tin dichloride, tri-n-butyl tin acetate, 
zinc formate, zinc acetate, etc. The glycol soluble molybdenum cpd. is e.g. molybdic acid, 
lithium molybdate, etc. 

The rate of reaction is Increased considerably as if a large amt. of conventional catalyst 
had been used. Polymer with good quality is obtd., contg. almost no insoluble catalyst 
deposits. 

International Patent Classification: C08G-063/34 
Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds) 
Derwent Manual Code(s): A02-A06 : A02-A07 ; A05-EQ1A 
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JP55149320-A 



3P056589 [09 May 1979 
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JP056589 09 May 1979 



Patent Number(s): JP56008431-A 

Title: Polyester prodn. - from terephthalic acid, ethylene glycol, an antimony, titanium, 
germanium, tin, zinc, or cobalt cpd. as catalyst and a rhenium cpd. 
Patent Assignee Name(s) and Code(s): NIPPON ESTER CO LTD ( NPEC-C ) 
Derwent Primary Accession Number: 1981-20317D [12] 

Patents Cited by Inventor: 0 rmnn Dafonfci n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 utmg KaterKS ' u Articles Cited by Examiner: 0 
Abstract: 

Polyester is produced from (1) terephthalic acid or a bifunctlonal carboxylic acid 
comprising mainly terephthalic acid or an ester-forming deriv., (2) ethylene glycol or a 
glycol component comprising mainly ethylene glycol, (3) one or more cpds. selected from 
glycol-soluble cpds. of Sb, Ti, Ge, Sn, Zn and Co as catalyst, (4) glycol-soluble rhenium 
cpd. in an amt. of 0.005 x 10 power minus 4 to 0.1 x 10 power minus 4 mole to 1 mole 
of the acid component constituting the polyester. 

(3) is e.g. Sb03, Ti(OCH3)4, ethylgermane, di-n-butyl tin dlacetate, cobalt chloride, 
ZnC03. (4) is e.g. rhenium chloride, rhenium bromide. (3) and (4) are added to the 
reaction system at any time by the initial stage of the polycondensn. 

High polymerisation degree polymers are produced in a short time without causing 

deposition of insoluble matter and deterioration of colour tone. 

International Patent Classification: C08G-063/34 

Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds) 

Derwent Manual Code(s): A02-A06 ; A05-E04A 
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Poly (ethylene terephthalate) with high molecular 
weight 

Teijin Ltd., Japan 
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Patent 

Japanese 
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PATENT NO. 



KIND DATE 



APPLICATION NO. 



DATE 



JP 57038609 B 19820817 JP 1973-56282 19730522 <-- 

PRIORITY APPLN. INFO.: JP 1973-56282 19730522 

AB Polymerization of bis (hydroxyalkyl) terephthalate is accelerated by adding di- 
Ph terephthalate (I) [1539-04-4] to the reaction mixture in the final stage 
of polymerization, sep . collecting the distillate containing phenol [108-95- 
2] after the I addition, and cleaning the distillation systems with PhOH 
solvents. Thus, transesterif ied product from di-Me terephthalate 194, 
ethylene glycol (II) 130, and Ca(OAc)2 0.176 part was heated 15 min in the 
presence of 0.88 part Sb203 and 0.082 part H3P03 at 240-260°, heated 45 min at 
260-275° and 3-760 mm, and heated 90 min at 275-280° and 0.3-3 mm recovering II 
(total 62 parts). I (1.9 parts) was added to the reaction mixture which was 
heated 60 min addnl. at 275-280° and 0.5 mm, recovering PhOH containing II in 
a sep. tank (0.8 parts of 24:76 PhOH- II) . The reaction system was pressurized 
to discharge polymer [25038-59-9] having intrinsic viscosity 0.94, and the 
distillation system was washed with 340 parts 3:97 PhOH-I mixture, 340 parts 
0.15:99.85 PhOH-I mixture, and 340 parts 0.075:99.925 PhOH-I mixture in that 
order . 



Patent IMumber(s): JP58109532-A; JP90006769-B 

Title: Polyester prodn. esp. from terephthalic acid and ethylene glycol - in presence of 
organic poly:magnesio-siloxane! 

Patent Assignee Name(s) and Code(s): NIPPON ESTER CO LTD ( NPEC-C) 
Derwent Primary Accession Number: 1983-731268 [32] 

Patents Cited by Inventor: 0 rif . !nn Pafpn ,. ci n Articles Cited by Inventor: 0 
Patents Cited by Examiner: 0 WI,ng KaierKS - u Articles Cited by Examiner: 0 
Abstract: 

Polyesters are produced from (1) terephthalic acid or Afunctional carboxylic acids 
comprising mainly terephthalic acid, or ester-forming cpds. derived from them, and (2) 
ethylene glycol or glycol component comprising mainly ethylene glycol or ester-forming 
cpds. derived from them in the presence of (3) organic polymagnesioslloxane. 

Polyesters of high polymerisation degrees and excellent colour tone are produced in a 
short period of time. 

Component (3) is produced, e.g. by heating dihalosilane and magnesium hydroxide In 
ether solvent in a stream of nitrogen. Amt. of (3) added Is 0.01-10 pts.wt. per 100 
pts.wt polyester formed. The target polyester is produced e.g. by ester-exchanging 
dimethyl terephthalate and ethylene glycol or esterlfying terephthalic acid and ethylene 
glycol, and polycondensing bis-(beta-hydroxyethyl) terephthalate and/or its low polymer 
in the presence of catalyst, e.g. antimony cpd., titanium cpd., tin cpd., pref. antimony 
trioxide. Pref. polyesters have limiting viscosity of 0.4-1.2 (calculated from the soln. 
viscosity determined in phenol-ethane tetrachloride solvent at 20 deg.C. 
Drawing: 



International Patent Classification: C08G-063/22 
Derwent Class: A23 (Polyamides, polyesters, polycarbonates, alkyds) 
Derwent Manual Code(s): A02-B : A05-E04A : A06-A00E2 ; A06-D : A12-W11B 
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JP58109532-A JP211791 j 24 Dec 1981 



Priority Application Information and Date: 



JP211791 



24.Dec 1981 



Patent Number(s): EP103867-A; JP59051294-A; JP59051295-A; EP103867-B; DE3368418-G; US4677125- 
A; JP91039077-B; JP91039078-B 

Title: Antihypertensive with angiotensin converting enzyme inhibiting action - comprises N-N'-substd.-L- 
iso:leucyl o-substd. -l-tyrosyl 1-amlno 2-substd. ethyl iphosphonic acid, salts and ester(s) 
Inventor(s): TERAIMISHI M. TAKAHASHI M. NQMOTO H, KA5E H . SHUTO K, KUBQ K. KARASAWA A 
Patent Assignee Name(s) and Code(s): KYOWA HAKKO KQGYO KK ( KYOW-O . 
Derwent Primary Accession Number: 1984-083590 [14] 

Patents Cited by Inventor: 0 rM Dai . onfX5 . * Articles Cited by Inventor: 0 

Patents Cited by Examiner: 42 utmg pa * encs - * Articles Cited by Examiner: 0 

Abstract: 

Cpds. of formula (I) and their salts are new. : 

Rl is H, lower alkyl, lower alkoxycarbonyl, aralkyloxycarbonyl or R6-CO-; R2 is H, lower alkyl (opt. substd. by 
NH2, SH, lower alkyl-thio, carboxyl, OH, guanidino or imidazolyl), aryl (opt. substd. by NH2, OH, lower alkoxy, 
aralkyloxy, lower alkyl, halo or N02), aralkyl (opt. substd. by NH2, lower alkyl, halo or N02) or -CH2-Ph-OR7; 
R3 is H, lower alkyl, aralkyl (opt. substd. by R6), R8-CO-, R9-0-CO- or R9NHCO-; R4 and R5 are each H, 1-18C 
alkyl, (opt. substd. by R6), aralkyl (opt. substd. by R6), -(CH2CH20)mCH3 or CH(CH20CO(CH2)nCH3)2; R6 Is 
H, 1-17C alkyl, aryl or aralkyl (both opt. substd. by lower alkyl, lower alkoxy or halo), e.g. 5-6C cycloalkyl; R7 
Is the same as R3; R8 is the same as R6; R9 is lower alkyl, or aryl or aralkyl (both opt. substd. by R6); m Is 1- 
4; and n is 0-10. 

(I) show angiotensin converting enzyme inhibiting activity and are useful as antihypertensive agents. 
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SPECIFICATION 



1. Title of the Invention 

Process for the Production of a Polyester with a High Degree of Polymerization 

2. Claims 

1. A process for the production of a polyester wherein terephthalic acid, a Afunctional 
carboxylic acid having terephthalic acid as the main component thereof, or an ester-forming 
derivative thereof is reacted with ethylene glycol, a glycol having ethylene glycol as the principal 
component thereof, or an ester-forming derivative to produce a polyester, said method 
characterized by adding hydrogen chloride in a proportion of 0.2 x 10" 4 - 30 x 10* 4 mol per mole 
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of the raw material acid component after having substantially completed the esterification or 
transesterification reaction. 

3. Detailed Description of the Invention 
(Field of Industrial Utilization) 

The present invention relates to a process for the production of a polyester; in particular, 
to a process for rapidly producing a polyester that has a high degree of polymerization and 
excellent mechanical and thermal properties. 

(Prior Art) 

Polyesters, especially polyethylene terephthalate and polyesters having ethylene 
terephthalate units as the main structural units, are widely used in common practice for fibers, 
films, and other molded articles because of their many excellent properties. 

- In the manufacture of polyethylene terephthalate, bis-(p-hydroxyethyl)terephthalate 
and/or a low-polymer thereof is usually formed by transesterifying dimethyl terephthalate and 
ethylene glycol or by directly esterifying terephthalic acid and ethylene glycol, and a polyester of 
the desired properties is then produced by conducting a polycondensation reaction. 

However, since the polycondensation step, especially the final polycondensation step, 
must be conducted at a high temperature of from 280 to 300°C for a long period of time in order 
to obtain a polyester with an intrinsic viscosity of, for example, 0.6 or higher, the polymer 
usually turns yellow as a result of thermal decomposition and other secondary reactions, and the 
increases in the concentration of terminal carboxyl groups and in the content of diethylene glycol 
bonds have an adverse effect on the physical properties of the polyester. 

A catalyst is generally used in the manufacture of polyester. For example, Japanese 
Kokoku Patent No. Sho 284640 mentions the use of hydrogen chloride as an esterification 
catalyst. However, when hydrogen chloride is added from the time of the esterification reaction, 
the content of diethylene glycol bonds increases as a result of secondary reactions, its activity as 
a polycondensation catalyst declines in the extreme, and it becomes impossible to shorten the 
polycondensation reaction time. 
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(Object of the Invention) 

The object of the present invention is to provide a process for rapidly producing a 
polyester that has a high degree of polymerization and excellent mechanical and thermal 
properties. 

(Constitution of the Invention) 

As a result of research intended to attain the aforementioned object, the present inventors 
discovered that it is effective to add a prescribed quantity of hydrogen chloride at a prescribed 
time, and perfected the present invention. In essence, the invention is as follows. 

A process for the production of a polyester wherein terephthalic acid, a Afunctional 
carboxylic acid having terephthalic acid as the main component thereof, or an ester-forming 
derivative thereof is reacted with ethylene glycol, a glycol having ethylene glycol as the principal 
component thereof, or an ester-forming derivative to produce a polyester, this method 
characterized by adding hydrogen chloride in a proportion of 0.2 x 10" 4 - 30 x 10" 4 mol per mole . 
of the raw material acid component after having substantially completed the esterification or 
transesterification reaction. 

The hydrogen chloride in the present invention must be added after the esterification or 
transesterification reaction has been substantially completed, i.e., when the rate of reaction has 
reached 90% or higher, and ideally 92-98%. Addition prior to this time causes problems such as 
those mentioned above. 

The amount of hydrogen chloride added must be a proportion of 0.2 x 10~ 4 - 
30 x 10" 4 mol per mole of the acid component, which is a starting material for the production of 
the polyester. The addition has essentially no effect when the amount added is lower than this 
range. Not only does the effect of addition reach saturation, but the polycondensation reaction is 
also delayed, ordinary stainless steel reactors undergo corrosion, and a special reactor such as a 
ceramic reactor must be used when the amount added is higher than this range. 

The principal acid component in the present invention is terephthalic acid or an ester- 
forming derivative thereof, such as an alkyl ester or phenyl ester. Part of the acid component 
(usually less than 30 mol%) may be replaced with one or more compounds selected from among 
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methyl terephthalic acid, isophthalic acid, methyl isophthalic acid, 5-sodium sulfoisophthalic 
acid, phthalic acid, diphenyl dicarboxylic acid, diphenyl sulf one dicarboxylic acid, diphenoxy- 
ethane dicarboxylic acid, naphthalenedicarboxylic acid, adipic acid, sebacic acid, p-hydroxy- 
ethoxybenzoic acid, ester-forming derivatives thereof, and the like. On the other hand, the 
principal glycol component is ethylene glycol or an ester-forming derivative of ethylene glycol, 
such as ethylene oxide. Part of the glycol component (usually less than 30 mol%) may be 
replaced by one or more compounds selected from among aliphatic, aromatic, alicyclic, and 
other diol compounds, such as propylene glycol, tetramethylene glycol, 1,4-cyclohexane- 
dimethanol, 1,4-cyclohexanediol, 1,4-bis-hydroxyethoxy benzene, ester-forming derivatives 
thereof, and the like. 

Any known method can be used to manufacture a polyester from these Afunctional 
carboxylic acids and glycols. For example, the prescribed properties can be obtained by a method 
in which bis-(J}-hydroxyethyl)terephthalate and/or a low-polymer thereof is formed by 
transesterifying dimethyl terephthalate and ethylene glycol, directly esterifying terephthalic acid 
and ethylene glycol, or carrying out an addition reaction of terephthalic acid and ethylene oxide, 
and in which a polycondensation reaction is then conducted by adding a prescribed quantity of 
hydrogen chloride. Additives such as catalysts, stabilizers, pigments, dyes, fluorescent whiteners, 
nucleating agents, polymerization accelerators, lubricants, and bulking agents can be introduced 
as needed in addition to the hydrogen chloride catalyst after the transesterification or 
esterification reaction has been substantially completed. 

The degree of polymerization of the polyester produced is not especially restricted, but 
the intrinsic viscosity (abbreviated hereinafter as [r|]) is preferably in the range of 0.6-LO 
because of practical considerations, as determined based on the solution viscosity measured at 
20°C after the polyester is dissolved in a mixed solution of phenol and tetrachloroethane (1:1). 

The polyester can be manufactured in accordance with the present invention without 
adding any additives other than the hydrogen chloride catalyst, and a pure polyester devoid of 
any catalyst residue or the like can be obtained by thoroughly scattering the residual hydrogen 
chloride in the polyester by extended hot-air drying or vacuum drying at a temperature higher 
than the usual drying temperature (about 140°C), i.e., usually 160-220°C, and preferably 
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180-200°C. In addition, the thermal decomposition rate and the decrease in the degree of 
polymerization are minimized. 

(Working Examples) 

The present invention is explained concretely below through working examples. 
However, the present invention is in no way limited by these working examples. 

In the working examples, "parts" means "parts by weight," and the characteristics were 
measured as follows. 

(a) The terminal carboxyl group concentration (COOH) was determined by titration with 
1/1 ON potassium hydroxide solution in benzyl alcohol. A lower value is preferred. 

(b) The concentration of diethylene glycol bonds (DEG) was determined by a method in 
which decomposition was performed for two hours under methanol reflux, and an analysis was 
conducted by gas chromatography. A lower value is usually preferred. 

Working Examples and Comparative Examples 

Bis(P-hydroxyethyl)terephthalate and low polymers thereof were produced from 
terephthalic acid and ethylene glycol by a known method. The quantities of hydrogen chloride 
shown in Table 1 [amount of HC1 (mol) per mole of acid component] were added to 100 parts of 
the above, the temperature was raised to 285°C, the interior of the system was gradually 
evacuated, and polycondensation was finally carried out at 0. 1 mm Hg for the length of time 
shown in Table 1. 

Polyester was also produced in the same way using antimony trioxide in an amount of 
2X1C 4 mol/mol of acid component instead of the hydrogen chloride as the catalyst (reference 
example). 

Table 1 shows the characteristics of the polyesters obtained. 



JP 60 - 219226 A 



PageS 



Table 1 





Polycondensation 
time (min) 


Amount of catalyst added 


Properties of polyester produced 


HC1 (mol) 


• (parts) 


M 


DEG(mol%) 


COOH 
(Eq/ton) 


Working 
example 1 


120 


lOxMT* 


0.055 


0.88 


1.67 


18.3 


Working 
example 2 


180 


2 x lO" 4 


0.011 


1.00 


2.24 


16.7 


Comparative 
example 1 


120 


0.1 x 10-" 


0.006 


0.19 


1.94 


68.4 


Comparative 
example 2 


120 


40x10-" 


0.22 


0.78 


3.77 


19.2 . 


Comparative 
example 3 


120 


70x10-" 


0.35 


0.46 


4.32 


14.6 


Reference 
example j 


120 






0.68 


1.85 


15.0 



Furthermore, the amount of residual hydrogen chloride in the dry polyester obtained in 
Working Example 1 was below the limit of detection (30 ppm) by fluorescence x-ray analysis. 

The degree of polymerization did not increase and the stainless steel reactor was severely 
corroded in Comparative Example 3, where a large amount of hydrogen chloride was added. 

(Merits of the Invention) 

As has been described above, the method of the present invention makes it possible to 
manufacture polyester with a high degree of polymerization and excellent mechanical and 
thermal properties in a short time. In particular, it is possible to prevent increases in the content 
of terminal carboxyl groups and diethylene glycol bonds in the polyester produced in the 
treatment step that accompanies or follows the polycondensation reaction, and to greatly improve 
product quality when the polyester is used for fibers, films, and other molded articles. 

It is also possible to obtain pure polyester that contains no catalyst residues or the like if 
the polyester is manufactured without adding any additives other than hydrogen chloride. 

Applicant: Nippon Ester Co., Ltd. 
Agent: Yuzo Kodama, Patent Attorney 
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SPECIFICATION 



1. Title of the Invention 



Method for the Production of an Ultra-High Molecular Weight Polyester 



2. Claims 



(1) A method for the production of an ultra-high molecular weight polyester, 
characterized in comprising esterification or ester exchange of a glycol and an aromatic 



dicarboxylic acid or an alkyl ester thereof; and polycondensation in a heating medium in the 
presence of a tin compound. 

(2) The method for the production of an ultra-high molecular weight polyester according 
to claim (1), wherein the heating medium is one or two or more compounds selected from 
compounds represented by the following general formulas I and II: 

A 1 -A* AS 

<R' ) m CR* ) li 

[In the formulas, A 1 and Al are phenyl groups or cycloalkyl groups with 5 to 20 carbons, A to 
A/' 1 are each a phenylene group or a cycloalkylene group with 5 to 20 carbons, R and R are 
hydrogen atoms or .alkyl groups with 1 to 20 carbons, I is an integer of 2 to 5, and n and m are 
integers of 0 to 5.] 

(3) The method for the production of an ultra-high molecular weight polyester according 
to claim (1), characterized in that the polycondensation temperature is 235 to 250°C. 

(4) The method for the production of an ultra-high molecular weight polyester according 
to claim (1), characterized in that the polycondensation is performed while inert gas is blown into 
the system. 

(5) The method for the production of an ultra-high molecular weight polyester according 
to claim (1), characterized in that the polycondensation is performed while a new heating 
medium is being added and the byproducts are being discharged from the other end. 

3. Detailed Description of the Invention 
(Field of Industrial Utilization) 

The present invention relates to a method for the production of an ultra-high molecular 
weight polyester. More particularly, it relates to a method for the production of an ultra-high 
molecular weight polyester from a glycol and an aromatic dicarboxylic acid or an alkyl ester 
thereof, wherein polycondensation is performed using a specific catalyst in a heating medium. 
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(Prior Art) 

Polyester is usually produced by a process in which an aromatic dicarboxylic acid and a 
glycol are subjected to direct esterification, or a glycol and an alkyl ester of an aromatic 
dicarboxylic acid are subjected to ester exchange, to obtain a glycol ester and/or a low polymer 
thereof, and the product is polycondensed by heating and agitation under a high vacuum. 

(Problems That the Invention Is Intended to Solve) 

The method of polycondensation by heating and agitation under a high vacuum is 
currently used on a wide scale in commercial applications, but the method requires vacuum 
equipment in order to maintain a high vacuum, and strong motive power is needed to agitate 
highly viscous matter. 

Moreover, better physical properties are required of industrial materials such as tire 
cords, and high molecular weight polyester is therefore being used. It is difficult to agitate this 
type of higher molecular weight polyester, so the method is usually used whereby the polymer 
after melt polycondensation is further subjected to solid phase polymerization for a long period 
of time in an inert gas current. Nevertheless, only a product with a limiting viscosity of 1 .0 to 
1 .5 is usually obtained by this method. 

On the other hand, it is also reported that when a polymer is crushed to a fine powder and 
subjected to solid phase polymerization in an inert gas ambient atmosphere, polyester with a 
. molecular weight of as much as 120,000 is obtained (Qyogenic Properties of Polymers, 249, 
Dekker). It is cited that in this case, the polymer is partially insoluble in the solvent used for 
viscosity determination, and it is estimated that the molecular weight apparently increases as a 
result of crosslinking. 

Moreover, a method whereby polyester is polymerized in a solution is cited in USP 
2,597,643. However, in this case, the polymerization is performed with the polyester in the form 
of a completely dissolved solution. This is completely different from the present invention, in 
which polymerization is performed in a heating medium in which the polyester will sweD but 
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will not dissolve. Furthermore, only polyester with a low limiting viscosity of 0.4 to 0.7 is 
obtained, 

(Means Used to Solve the Above-Mentioned Problems) 

The inventors performed intense research in order to solve the above-mentioned 
problems, and ultimately perfected the present invention as a result of completely revising the 
prior art. That is, the present invention is a method for the production of an ultra-high molecular 
weight polyester characterized in comprising esterification or ester exchange of a glycol and an 
aromatic dicarboxylic acid or an alkyl ester thereof, and polycondensation in a heating medium 
in the presence of a tin compound. 

As used herein, the term "heating medium" refers to an organic compound that is stable 
in the presence of heat and can be handled as a fluid at the reaction temperature. The heating 
medium can be a compound or composition selected from aromatic hydrocarbons, aliphatic 
hydrocarbons, alicyclic hydrocarbons, and aromatic ethers, and the like. However, in the present 
invention it is preferably a heating medium in which polyester will swell but not dissolve. 
Preferred examples include one or two or more compounds represented by the following general 
formulas I and II, particularly triethyl biphenyl, tetraethyl biphenyl, tripropyl biphenyl, diethyl 
biphenyl, trimethyl biphenyl, cyclohexylbenzene, hydrogenated biphenyl, hydrogenated 
terphenyl, hydrogenated triphenyl, and the like. It should be noted that the above-mentioned 
heating medium may also be used after being purified by a conventional method such as 
distillation or the like. 

I 

0 

[In the formulas, A 1 and Al are phenyl groups or cycloalkyl groups with 5 to 20 carbons, A 2 to 
Af 1 are each a phenylene group or a cycloalkylene group with 5 to 20 carbons, R and R are 
hydrogen atoms or alkyl groups with 1 to 20 carbons, I is an integer of 2 to 5, and n and m are 
integers of 0 to 5.] 




Terephthalic acid, isophthalic acid, p-p-oxyethoxybenzoic acid, 
2,6-naphthalenedicarboxylic acid, 4,4-dicarboxyldiphenyl, 4,4-dicarboxylbenzophenone, 
bis(4-carboxyphenyl)ethane, 5-sodium sulfoisophthalic acid, and their alkyl esters such as 
methyl, ethyl, and propyl esters can be cited as examples of the aromatic dicarboxylic acids or 
their alkyl esters that are used in the present invention. Ethylene glycol, propylene glycol, 
butanediol, neopentyl glycol, diethylene glycol, cyclohexane dimethanol, ethylene oxide adducts 
of bisphenol A, and the like can be cited as examples of suitable glycols. 

The tin compound used in the present invention is one that is soluble in polyester. Tin 
oxides such as stannous oxide and stannic oxide; tin halides such as stannous chloride, stannic 
chloride, stannous bromide, and stannic bromide; hydrates thereof; and organotin compounds 
such as di-n-butyltin dichloride, di-n-butyltin oxide, stannous acetate, stannous oxalate, and 
stannous phosphate can be cited as examples. 

In addition, conventional catalysts such as antimony, titanium, germanium, cobalt, 
manganese, or tungsten compounds can be used together with the above-mentioned tin 
compound in the present invention. 

The polyester production method of the present invention is described below in specific 
terms. An oligomer is obtained by the esterification or ester exchange of a glycol and an 
aromatic dicarboxylic acid or its alkyl ester by a conventional method, and then a polyester is 
obtained by heating and agitating this oligomer (either directly or after initial condensation) for 
approximately 1 to 20 hours at approximately 200 to 300°C (preferably 235 to 250°C) under 
normal, reduced, or increased pressure and in the presence of a heating medium and a tin 
compound. During the reaction, an inert gas (such as nitrogen gas, carbon dioxide gas, helium 
gas, or argon gas) is blown into the reaction system, and the glycol byproduct that has migrated 
to the heating medium is removed with by means of the inert gas or by being replaced with a 
new heating medium. 

It should be noted that the polycondensation is performed while the oligomer or polymer 
in the heating medium is either in a molten state or in a solid state, depending on the heating 
temperature. 



(Operation of the Invention) 

Operation of the present invention is as follows. That is, polycondensation of polyester is 
a reaction that is in equilibrium with the glycol byproduct, and a high molecular weight polymer 
will not be obtained unless the glycol byproduct is removed from the polymer system. It is 
believed that the heating medium partially impregnates the polymer and causes it to swell, and 
that polycondensation is promoted by eliminating the glycol byproduct from the polymer. No 
explanation has yet been found concerning the unique behavior of the tin compound as a catalyst; 

(Working Examples) 

The present invention will now be described in specific terms with examples, but the 
present invention is not limited to these examples. 

Working Example 1 

Direct esterification of terephthalic acid and ethylene glycol was performed in a reaction 
vessel with a capacity of 500 mL that was fitted with an agitator with turbine-shaped blades, an 
inert gas inlet, a gas exhaust outlet, and a bottom discharge port. Then the excess ethylene glycol 
was removed, and 5 g of the resulting oligomer (containing, as a polymerization catalyst, 
0.05 mol% stannous acetate in terms of tin in relation to the acid component; and having a 
limiting viscosity of 0.34, as determined at 30°C in a phenol/tetrachloroethane 6/4 mixed 
solvent) and 200 mL of hydrogenated triphenyl as a heating medium were introduced into the 
reaction vessel and agitated while being kept in a molten state by raising temperature to 240°C as 
nitrogen gas was blown into the reaction system at 2.0 L/min. Exhaust gas, some of the heating 
medium, and the ethylene glycol byproduct were discharged from the exhaust outlet, and a new 
heating medium was added to keep the liquid level constant at this time. 

Eight hours later, the polyethylene terephthalate was removed, thoroughly washed with 
acetone, and dried. The polyester that was obtained was white and had a limiting viscosity of 
3.0. 

It should be noted that the limiting viscosity referred to in the present invention is the 
value determined by the following method. 
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i ■: 

i 

| The limiting viscosity, as measured at 30°C using a mixed solvent of 

p-chlorophenol/tetrachloroethane (3/1), was converted to phenol/tetrachloroethane (6/4) by using 
i the following formula. 

1 ft] 60/40 phenol/TCE = 0.8352- ft] 3/1 -PCP/TCE + 0.005 

Next, the polymer that had deposited on the inside of the reaction vessel was dissolved 
with 200 mL of m-cresol (it uniformly dissolved with no insoluble matter, and there was no 
gelling), reprecipitated, washed with methanol, and dried. The limiting viscosity of the polyester 
I that was obtained was 3.0. 

Working Example 2 

After direct esterification of terephthalic acid and ethylene glycol using the same reaction 
vessel as in Example 1, conventional melt polymerization was performed. Fifty grams of the 
resulting oligomer (containing, as a polymerization catalyst, 0.025 mol% stannous acetate in 
terms of tin in relation to the acid component; and having a limiting viscosity of 0.35) and 
250 mL of hydrogenated triphenyl as a heating medium were introduced into the reaction vessel, 
and the oligomer was directly heated and agitated in a solid phase state while being kept at 
237°C by gradually raising the temperature as nitrogen gas was being blown into the reaction 
system at 2.0 L/minute. The exhaust gas, part of the heating medium, and the ethylene glycol 
byproduct were discharged from the exhaust outlet during the reaction, and a new heating 
medium was added to keep the liquid level constant at that time. Twelve hours later, the 
polyethylene terephthalate was removed, thoroughly washed with acetone, and dried. The 
polyester that was obtained was pale yellow and had a limiting viscosity of 3.03. 

Working Example 3 

When exactly the same method as in Working Example 2 was performed with the 
exception that triethyl biphenyl was used as the heating medium, the limiting viscosity of the 
polyester that was obtained 12 hours later was 2.79. 



JP 62-297318 A 



Page 7 



(Effect of the Invention) 



The use of the method of the present invention whereby polymerization is performed in a 
heating medium makes a large contribution to industry because it has a variety of advantages, 
including the following. 

(1) The polymer is swollen by the heating medium, and polymer viscosity decreases, 
making it unnecessary to use extreme motive force for agitation. 

(2) Polymer pyrolysis and side reactions are prevented because polycondensation can be 
performed at a low temperature, yielding a high-quality polymer with little coloration. 

(3) A high vacuum is not necessary, dispensing with the need for complex equipment and 
large amounts of energy. 

(4) Polyester with a high degree of polymerization can be obtained in a simple manner 
without using conventional solid phase polymerization. 

Applicant: Toyobo Co., Ltd. 
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Abstract 
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mm] 

o.4~o.9di/ g OTK'jx^uvf- 
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fi*S*OXi7U-/< 41-46,51-56 bX*mtfL£ 

D> N A L tLfcfc* UD A< 2-10, tft 



(57) [Abstract] 
[Objective] 

Air in polymerization reaction manufacturing method where 
high degree of polymerization polyethylene terephthalate of 
high quality where with-liquid interface does not generate 
defective fluidity is acquired is offered. 

[Constitution] 

condensation polymerization process after esterification 
reaction process prestage condensationpolymerization step Q 
intrinsic viscosity (;et) where intrinsic viscosity (;et) obtains 
polyethylene terephthalate of 0.4 -0.9 dl/g you divide into 
poststage condensation polymerizationprocess where 
polyethylene terephthalate of 0.8 - 1 .3 dl/g is acquired. 

After that staged poly condensation process, rotating shaft 
12,13, of multiple and in this in right angle maintaining 
spacing at shaft direction, when it possesses impeller blade 
whichwith paddle 21-26, 31-36 which is installed and 
scraper 41-4 6, 5 1-56 which has length which almost is 
suitable to aforementioned spacing which isinstalled in this 
end of paddle is formed, rotation diameter of this impeller 
blade designating D s shaft direction length as L L/D 2-10, 
It does with heavy stirring apparatus of preferably 4-8. 
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Claims 
[ft**i] 

0 OX*>©a*Jt*t 4 # 6 -Cfc^ 20 deg C 0 
E**K*T?»I*Lfc«IHttS(i?)*< 
0.4~0.9dl/g -efcSTK'Jx^UVf-b^^U-h* 

^&^fc7K , JX5 1 b>7 L b3?^b-^Sa(7)[Hl 

ttg]|Ettl=IS^ItAlc||j«lRll=nH$ 

frenmioBiEKftt a flaw**©** 

AW*tf***L "CSlfrLfcL/D #2-10, ff* 
L<l* 4-8 T?fc4<Ki* 1 » ©$#S£i£l::# 
•LT»»#JKflStfrl^ mtELfcailBtt* 
0.8-1.3dl/g ^fe^'Jx^b^T^^b 
-hfcf»attRfcli*xa±*&ft4ci*|* 
at^iMSSTK'Jx^W/xl/^b-h© 



Specification 
[0001] 

[**±©Slffla»] 

*»81l±. igg£J£©* B| jxf-U>TU7*b- 
[0002] 

[«t*©affi] 

#yx*L/:/TU74^-h©a»*a*ttefc 

c©+***a*flw#yvHfc**i::tt* # 

■JV-©ft*A< 10.000 tf-f XBl±fcfc5Ci:fr 



[Claim(s)] 
[Claim 1] 

melt condensation polymerization doing polyethylene 
terephthalate of high degree of polymerization in continuous 
with esterification reaction process, and condensation 
polymerization process regarding to method which it 
produces,aforementioned condensation polymerization 
process, phenol and 1, 1, 2 and 2, -tetrachloroethane weight 
ratio 4 -to-6 polyethylene terephthalate whichis acquired with 
prestage condensation polymerization step 0 said prestage 
condensation polymerization process which obtains 
polyethylene terephthalate where the intrinsic viscosity (;et) 
which was measured in mixed solvent of 20 deg C which are 
is 0.4- 0.9 dl/g rotating shaft of multiple and, In said rotating 
shaft in almost right angle maintaining spacing at shaft 
direction, with the structure which possesses impeller blade 
which consists of scraper which isinstalled parallel to 
aforementioned rotating shaft in multiple paddles and the said 
end of paddle which are installed with length which almost is 
suitablein aforementioned spacing as for said impeller blade 
with revolutionmutually self-cleaning it does, L/D which 
displays attached length in shaft direction of D „ said 
impeller blade with L 2 - 1 0,supplying rotation diameter of 
aforementioned impeller blade to churning polymerizer of one 
reactor which is a preferably 4~8 at least, manufacturing 
methodo of high degree of polymerization polyethylene 
terephthalate whereit does condensation polymerization, 
before consists of poststage condensationpoiymerization 
process which obtains polyethylene terephthalate which 
intrinsic viscosity (;et)which was inscribed is 0.8 - 1.3 dl/g 
makes feature 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

It regards method where this invention regards manufacturing 
method of polyethylene terephthalate of high degree of 
polymerization, produces polyethylene terephthalate of high 
degree of polymerization with melt polymerization method. 

[0002] 

[Prior Art] 

Regarding to continuous production method of polyethylene 
terephthalate, horizontal reactor of single shaft or dual shaft 
churningsystem is used until recently as final polymerizer. 

Even among these to obtain polymer of high degree of 
polymerization, from fact that viscosity of polymer becomes 
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[0003] 

H 4, IB 5 |ctt*ttffl*KTl**^#a«aE 
Jft§"s©Si®l3!£St« 

0 4,05 KwtfilfcBttS^s* 2 £*+4 
Sift* 1 ©ftMlSKWrK 2 *©Blstt 3 

Z© 2 #CD0fEtt! 3 Ktt, tSiStoRfitt}S#S 

4 W«EI=«t4*3B3eF*trfi«. BGN 3 

So 

5 l*nfi«^Jl©»/B«C»l+6*Lfc^^b 

-/<T?fc4. 

[0004] 

urtenfittflimR 4 ttfesiM=as*iRi(B 5 # 

IH)l=Bl5««fc5l:ft-3r^4. 



*fc£«B 1 ©±ttlci*»»»©»ftyX;i/6 



£££ 1 ©***fl©B«Bfi«ia*, 

1*4. 

cosies 1 n-ttft&iit^t+ma** 

I±,7ffuv-©AP 7 1 rttAUS 

[0005] 

££• 1 l*n?©fi£l±* EflSS 1 rt»**T<ar 
BIT© JIMiU IA 270-290 deg C T'RJS 

4 ©set <fcya^**a#L, sis 



[0006] 

[MfflftL^fctai] 
iriBtt*e«tfe^riHBtft4*tt, S4C 

*t J:3lcHtt«iH*B 4 A* 2 *©B4EU 3 
fc*£fc«ttlf 6*iTl*T, BBBAtf BKM 

3 ©n»B©**»^*;^y-=y«f*#i 
ftufca, «Ficjc«iitfet^rtt8li»36<*# 
lcIHbLTyK**-*£±i:4;:£?&5 0 
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10.000 poise or greater, those of kind of two-shaft stirrer type 
which is shown from until recently in Japan Patent 
Application Showa 46-62620 number are used. 

[0003] 

sectional view of twin shaft type polymerization reactor 
which is used for Figure 4 V Figure 5 until recently isshown. 

rotating shaft 3 of 2 has penetrated reactor which is shown in 
Figure 4, Figure 5 parallel to machine direction of reactor 1 
which possesses jacket 2. 

In order for disk shaped stirrer blade 4 of multiple to be piled 
up alternately, we arelocked in rotating shaft 3 of this 2, we 
have reached point where the polymer is agitated due to 
revolution of rotating shaft 3. 

As for 5 it is a scraper which is provided in outer perimeter 
side of disk shaped stirrer blade. . . 

[0004] 

Aforementioned disk shaped stirrer blade 4 has reached point 
where it turns mutuallyto reverse direction (Figure 5 
reference). 

In addition exhaust nozzle 6 of volatile substance is provided 
in upper part of the reactor 1, with reaction volatile substance 
which by-production is done from this exhaust nozzle 6 
exhaust is done in outside the system. 

Furthermore, inlet 7 and outlet 8 of each polymer are 
provided in the vicinity of both ends of machine direction of 
reactor 1. 

intermediate polymer which it should polymerize inside this 
reactor 1 is polymerizedinside reactor 1 entering into reactor 1 
from inlet 7 of polymer and is discharged as final polymer 
from outlet nozzle 8. 

[0005] 

While polymerization inside reactor 1 designating reactor 1 
internal as the degree of vacuum of several Ton* or less, 
agitating polymer with temperature 270-290 deg C due to 
therevolution of disk shaped stirrer blade 4, from discharge 
nozzle 6 discharging reaction by-product or other volatile gas 
in the outside the system it is done. 

[0006] 

[Problems to be Solved by the Invention] 

It is as for point which becomes problem description above 
untilrecently in equipment, as shown in Figure 4, disk shaped 
stirrer blade 4 beinginstalled alternately in rotating shaft 3 of 
2, because major portion of the outer perimeter surface of 
blade side surface and rotating shaft 3 self-cleaning it is not 
done, flow todeteriorate very regarding especially blade side 
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[0009] 
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[0010] 
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surface and to cause the dead space. 

As for scraper 5 with those in order to scrape polymer of 
inside wall of reactor 1 mainly, as for adhering polymer of 
side surface of disk shaped stirrer blade 4 it hasbecome 
structure which cannot be scraped. 

[0007] 

Furthermore as for problematical point of another, as seen in 
Figure 5, it is to possess gap between inside wall of reactor 1 
in upper part of disk shaped stirrer blade 4. 

As for this gap, being something which is provided in order 
todischarge volatile component which is separated from 
polymer from exhaust nozzle 6,it is something because it 
maintains pressure inside reactor 1 at the uniform. 

[0008] 

But, in this case, be sure to mean to possess air -liquid 
interface in the polymer and gas phase part 

A part of Figure 5 becomes air -liquid interface. 

This portion occurs in machine direction entire area of reactor 
1. 

defective fluidity section occurs with as many as this air 
-liquid interface, renewal of adhering polymer deteriorates in 
polarity, because conducted heat (Heating) from the jacket 2 
is always done, degradation of quality of polymer occurs with 
residence for long periods ,this polymer which deteriorates 
mixing existence does in product and quality of product itself 
becomes cause which deteriorates. 

[0009] 

As for this invention, producible manufacturing method is 
offered designates high degree of polymerization 
polyethylene terephthalate of high quality as problem air in 
polymerization reaction by with -liquid interface evading the 
defective fluidity. 

[0010] 

[Means to Solve the Problems] 

As for this invention, melt condensation polymerization doing 
polyethylene terephthalate of high degree of polymerization 
in continuous with esterification reaction process, and 
condensation polymerization process in order to solve 
theaforementioned problem in method which it produces, as 
that condensation polymerization process, phenol and 1, 1, 2 
and 2, -tetrachloroethane weight ratio 4 -to-6 followingway 
condensation polymerization doing poiyethyiene terephthalate 
which is acquired with prestage condensation polymerization 
step 0 said prestage condensation polymerization 
processwhich obtains poiyethyiene terephthalate where 
intrinsic viscosity (;et) which was measured in the mixed 
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L T'SfrLfc L/D 2-10, *?£L<li 4-8 T?fe 



O.8~1.3dl/g<Z>ftJ|0&l^#^S0 

[0012] 

y, »»tt4«ftL*t<«c4«a«**ia 



[0013] 
[fWM 

JBlvcBMHt*. 

filtS7D-S/-h*»L, 60,61 (ix^JHb 



11 i*ttH«tt*xa**t«t&KJS*-e* 
y,H2at;iB3i=*a)»**«-r. 



solvent of 20 deg C which are is 0.4 - 0,9 dl/g, Before method 
which consists of poststage condensationpolymerization 
process which obtains polyethylene terephthalate where 
intrinsic viscosity (;et)which was inscribed is 0.8 - 1.3 dl/g is 
adopted. 

[0011] 

namely, after that as for staged polycondensation process, in 
rotating shaft and this rotating shaft of multiple in almost right 
angle maintaining spacing at shaft direction, impeller blade 
which consists of scraper which is installed parallel to rotating . 
shaft in multiple paddles and this end of paddle which are 
installed with length which almost is suitable in 
aforementioned spacing possessing, said impeller blade 
mutually with structure which self-cleaning is done, is the 
step which does condensation polymerization rotation 
diameter of this impeller blade L/D whichdisplays 
attached length in shaft direction with L 2 - 10, making use of 
churning polymerizer of one reactor which is a preferably 4-8 
at least with revolution. 

Now, deficiency of Prior Art is cancelled, polymer of high 
molecular weight where intrinsic viscosity quality of 0.8 - 1.3 
dl/g is good can be acquired. 

[0012] 

As for feature of manufacturing method of high degree of 
polymerization polyethylene terephthalate, viscosity of 
polymer becomes high with this invention , loses long period 
residence ones inside reactor beforepossessing complete 
self-cleaning function in poststage condensation 
polymerizationprocess which becomes easy flow property to 
deteriorate by using polymerization reactor of structure which 
was inscribed, it is a point which it tries to beable to acquire 
polymer where quality of high degree of polymerization is 
good. 

[0013] 

[Working Principle] 

Operation and action in manufacturing method of high degree 
of polymerization polyethylene terephthalate with this 
invention areexplained making use of attached figure. 

As for Figure 1 it is something which is similar to reactor 
whereit showed flowsheet in embodiment of continuous 
polymerization method of this invention, as for60 and 61 as 
for esterification reaction vessel, 1 with polymerization 
reactor which shows prestage condensation polymerization 
process it showed in Figure 4, Figure 5 and isuntil recently 
used. 

1 1 with polymerization reactor which shows poststage 
condensation polymerizationprocess, shows details in Figure 

n — j t?: « i 
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5. 

*®E)|gM 12,13 j&teHCTfflcHtt&itiTfe 
9»*<r©0IEl* 12,13 ttfl*L&l4HMU:: 
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CCJEOff llOWIll*. BIEM 12,13 f 
tl+ifrW - * 2 ^©RtSiS 111,112 fWffcJ: 

BCft 12,13 H*h*h.fctt 121,131 fttff «D 
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WIMMFilvtt**(H 3 MO. 

[0015] 

01514 12 l=tt,Bf*©MH*li-crttft©/< 
K;i/ 21,22,23,24,25,26 tfHSESillTl^. 

#/<K/U 21-26 \t, +*tttfB&*mW$-3 
#/<K* 21-26 liStsN 12 iCftLT^fti: 
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tt*©tt@yi=tt«i« 90 ft-f*ifc««4:ft-3 
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rcfiit» ii ©niaiS in fcsiMia^r* 

#J&r*/^> 31-36 l=»K0Lf»4J:5tt© 
[0016] 

»©/<K/l/ 31,32,33,34,35,36 AtHJ^tlTH 

#/<K;U 31-36 l***l*ft«rBLfc/<K^ 
21-26 l=#j6Lr-€-*Ltl5t«l*lRltt«=ft« 
L#*W6*4/Wb 21-26 [rttLT&*& 

«#M*r*ifc»'en«» 13 rt&sivc 

1*4. 

*fc. #/ V* 31-36 0&&tgl±* 



2 and Figure 3. 

6 2, 6 3 and 6 4 are transport means which transports polymer 
to sequential following reactor, 

[0014] 

structure and action of polymerization reactor which is shown 
in poststage polymerization process jndetail are explained 
making use of Figure 2 and Figure 3. 

As shown in Figure 2 and Figure 3, rotating shaft 12,13 of 2 
axial support is done mutuallyparallel to inside reactor 1 1, 
each rotating shaft 12,13 with unshown drive source , like the 
in the diagram arrow synchronization doing mutually with 
same rotational speed to same rotation direction, is designed 
in such a way that rotary driving it is done. 

As for inside wall of this reactor 1 1, it has possessed cocoon 
shaped cross section of kindof shape which can connect 
cylindrical pipe wall 111,112 of 2 rotating shaft 12, 13 
isdesignated as center respectively. 

rotating shaft 12,13 is formed from shaft cover 122,132 which 
has pseudo tetragon cross section in therespective circular 
axis 121,131 and its perimeter, (Figure 3 reference). , 

[0015] 

multiple paddles 21,22,23,24,25,26 is locked to rotating shaft 
12 , across predetermined spacing. 

Each paddle 21-26 center is formed by thick plate which has 
spindle-shape cross section where expansion both ends 
becomes pointed, each paddle 21-26 is installed vis-a-vis 
rotating shaft 12 that alongside in-plane which crosses, at 
same time, lining upinto shaft direction of rotating shaft 12, as 
for paddle 21-26 which is adjacent the phase 90 degrees has 
become state which slips in axial rotation. 

In addition, as for each tip of these paddle 21-26, according 
to rotation angle position in order cylindrical pipe wall 1 1 1 of 
reactor 3 1 or it mentions later to bepossible to oppose to 
paddle 31-36 which corresponds across slight 
clearance,dimension is selected, 

[0016] 

On one hand, in same way, multiple paddles 

3 1,32,33,34,35,36 of spindle-shape cross section is locked to 

also rotating shaft 13. 

As for each paddle 31-36 corresponding to paddle 21-26 
which before wasinscribed respectively, there is a position of 
same shaft direction position as that,each phase 90 degrees in 
form which slips is installed in rotating shaft 13 each vis-a-vis 
paddle 21-26 which corresponds. 

In addition, each tip of each paddle 31-36 cylindrical pipe 
wall 1 12 of reactor 1 1 oreacn has reached point where it can 
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[0019] 

*fc. SI 3 IC^t^lC, TAlr-rtto 

-122 t©IH|l=l*BW36i:rBMW4/<K^ 
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201 AMbSEH U @Ctt 12,13 
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oppose to paddle 21-26 whichcorresponds across slight 
clearance according to rotation angle position. 

[0017] 

Furthermore, respectively, scraper 41-4 6, 5 1-56 of 
pseudotriangular cross section which is suitable to cross 
section shape of protruding end part is locked parallel with 
aforementioned rotating shaft 12,13 in protruding end part of 
paddle 21-26, 31-36. 

Is opposed to shaft direction across slight clearance end face 
of each scraper 4M 6, 5 1-56 vis-a-vis paddle 21~26 s 
31-36 which is adjacent, 

[0018] 

Because each scraper 41-4 6, 5 1-56 is similar constitution, 
now as representation when detailed explanation it does 
concerning scraper of paddle 23, you can install scraper 43 of 
total 4 in paddle 23 both tip both surfaces , end of scraper 43 
of both surfaces proximity doing in side surface of respective 
paddle 32,34, hasreached point where it can oppose. 

As for end edge line of each scraper 43 there is same linear 
position as tip to which scraper 43 corresponds and time, with 
that the end of each scraper 43 cylindrical pipe wall 1 1 1 of 
reactor 1 1 or paddle 33 canoppose to shaft cover 132 which 
possesses surface which is continuedacross slight clearance 
according to rotation angle position of rotating shaft 12. 

[0019] 

In addition, way it shows in Figure 3, between scraper 43 and 
the shaft cover 122 it has reached point where scraper 52,54 
which is installed in paddle 32,34 which is adjacent according 
to revolution enters mutually, When those enter, in order 
surrounding surface of axis center side of scraper 43 and 
surrounding surface of axis center side of scraper 52,54 
proximity to do across slight ciearance,dimension is selected. 

impeller blade which paddle and scraper which have structure 
above sayto this invention is formed. 

[0020] 

In this kind of polymerization reactor, polymer from inlet 201 
is inserted into the reactor 1 1, by fact that rotating shaft 12,13 
drives turns with movement of the paddle 21-26 s 3 1-36 and 
scraper 41-4 6, 5 1-56 is agitated with stirring action, after 
that, is removedfrom outlet 202. 

As here, understood even from sectional view of Figure 3, 
volume which rotating shaft 12,13 and scraper 41-4 6, 5 1-56 
occupy to be small, in addition paddle 21-26^ 31-36 
opening spacing, because it is installed, greatly it can increase 
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*fc % /<K;U 21-26 fc/*Kn> 31-36 ©ftSttJSl 
[0023] 

*6li/<K* 21-26,31-36 ©flifflttftlBt. 
**L&lc£*#rtrt-4X*l'--/< 51-56, 41-46 
©fti&iSi:!*, iE»Lr»IW4CtK <fcoTS 
lM=*y-=>y*#i4. 

«ltf,/th% 22 ©¥ffi«ffliJEI±**U-/< 
51,53 ©$fc«S£ifi&lTffia»«lU **i&© 

[0024] 

£fc,X£U-/\° 41-46, 51-56 ©JiffiliSlMc 
X^b-/* 41-46,51-56 HS6#-f"©JfeMfttf 

->#*;fl4 0 

L©*5t,@C« 12,13 ©EHEfcWWU 
21-26, 31-36, X?b-/Ul~46, 51-56 ©fgtt 
ftHdcfcySS 11 rt©^r©*ffi*S^ir^ 

y-z^f*4cfci<i*4.- 

[0025] 

**)©«^S»*^-^t*fc«>l=l* 

-ttwic ££• n Mi=«it4aatt©i*» 

«-lciS<«cii:MBtea*. 

z<otzMz\t , *#W©tft(D)l=»t4l** 
f6j©^$(L)©ib UD ***<*4*\*4l> 



effective volume ratio inside reactor 1 1 in comparison with 
stirring apparatus of conventional self-cleaning type. 

[0021] 

With those of drawn example, as for effective volume 70 - 
75% of total volume it hasbecome. 

Furthermore, it expands installation spacing of according to 
need paddle 21-26, 3 1-36, it ispossible also furthermore to 
increase effective volume ratio that much by making length of 
scraper 41-4 6, 5 1-56 long. 

On one hand, simultaneously with above-mentioned stirring 
action reactor 1 1 inside section self-cleaning is done by 
below-mentioned cleaning action . 

[0022] 

inside wall of namely, reactor 1 1, tip, of paddle 21-26, 
31-36 and end edge line part of the scraper 41-4 6, 5 1-56 
doing proximity, cleaning is done it moves by . 

In addition, curved surrounding surface of paddle 21-26 and 
paddle 3 1-36 those tip doing proximity mutually, cleaning is 
done it moves by . 

[0023] 

Furthermore, flat side surface of paddle 21-26, 3 1-36 and 
each end face of scraper 51-56, 41-46 which opposes, 
proximity doing, cleaning it is done mutually in thoseit moves 
by. 

end face and proximity of scraper 51,53 doing, relative 
positioning it does the flat side surface of for example paddle 
22, those opposing surface are done cleaning mutually. 

[0024] 

In addition, surrounding surface of scraper 41-4 6, 5 1-56 
scraper 41-4 6, 5 1-56 proximity doing the end and 
surrounding surface mutually, cleaning is done mutually by 
factthat it moves. 

This way, cleaning is possible all surface inside container 1 1 
completely with revolution of rotating shaft 12,13 with relative 
positioning of paddle 21-26, 31-36, scraper 41-4 6, 5 
1-56. 

[0025] 

Furthermore, in order to designate polymerization degree 
distribution of polymer (final polymer ) in the reactor outlet 
202 as sharp, general, residence time distribution (variation 
for =average residence time ) of treated matter inside the 
reactor 1 1 is made close in uniform, it becomes important. 

For this, it enlarges ratio L/D of length (L ) of shaft direction 
for diameter (D ) of impeller blade, or it mounts partition etc, 
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**»L**ffl©s**a*«ia.*j&si<* 
. *. 

[0026] 

&gft©&14lcJ^T*Jlft*A<i«lSJg#y 
i^<(lft 1 £ Poise), UD=2~10. #*UI* 

[0027] 

ftte, ±a©ffl-ei*BIE»t 2 *Rlf Tl*4 
tf» **ni* 2 *i=n**li*ta)-ei*ft<»3 

[0028] 

3*b-h«W»©*IMll::ot*TJW:»l= 
[0029] 

l.o ^i/, x^u^'Ja— ^ 1.5 ^;i<©i]&T? 
S£**ifcWHa5'J-«5l* 6kg ©«*-C, 



T^y-eHcig-^oppm ,300ppm ©sj£-cr 

xXT^ftKJCttS 1 R. »2R©XXWMt 

C©l$©S& l R, * 2 RxXT;MbS(Bffl©* 
frl*, a*I**l=260 deg CTf*y.»»B*M 
l*#*4.5 Ml). 2 B#ffflT?feofc. 



[0030] 

&t=. C©:?b#y?-£2lg270 deg C, E* 
2Torr |C3>hn-;u£;h,fc. 

is 5.i=«Lfc=*«a»#*«rRi*» 

. .!•*» J.«lt W»W I— t — - — *- /.*"» . <P «> —I— - « » • 
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vis-a-vis the shaft direction inside reactor 1 1 and it is 
necessary mixture of shaft direction the to the utmost to hold 
down. 

[0026] 

It differs even in viscosity of treated matter, but when high 
degree of polymerization polyethylene terephthalate 
ispolymerized, also viscosity is high (Approximately 10,000 - 
30,000 Poise ), there not being a partition with L/D=2~I0, 
preferably 4-8 extent, satisfactory residence time distribution 
is acquired. 

[0027] 

Furthermore, with above-mentioned example rotating shaft is 
provided 2, but this invention is not something which is 
limited in 2, 3 or more also it ispossible to provide. 

In addition, with above-mentioned example as for scraper, it 
made pseudotriangular cross section, but also it is possible to 
make cylinder* or prism. 

[0028] 

[Working Example(s)] 

Below, you explain concretely with this invention concerning 
Working Example of high degree of polymerization 
polyethylene terephthalate production method. 

[0029] 

(Working Example 1 ) 

equipment of flow which is shown in Figure 1 was used and 
the starting material slurry which is mixed at ratio of 
terephthalic acid 1.0 mole, ethyleneglycol 1.5 mole at ratio 
of each hour 6 kg, wassupplied to esterification tank of first 
step in continuous. 

triphenyl phosphate as antimony trioxide* stabilizer as 
catalyst in this slurry is added In the starting material slurry at 
ratio of each 350 ppm ,300 ppm . 

With esterification reaction vessel of first step, second step 
it did esterification reaction up to reaction ratio 
approximate!y96%. 

As for condition of first step, second step esterification 
reaction vessel of this time, as for temperature with 260 deg 
C, as for residence time they were each 4.5 hours, 2 hours 
together. 

[0030] 

Next, this prepolymer was controlled to temperature 270 deg 
Cs pressure 2 Torr. 

In twin screw horizontal type stirred type front stage 
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(L/D-4,ig#iSIfill£lSS 166mm, rt£»18'Jy 
h;U,}g#lHl$Eiia 20rpm )|C, ft 2 ISx^T^ft 



[0031] 

fttdfl»KUT-**M* 275 deg £E* 
0.3Torr |33>hQ— ;i/**lfcB 2 fc^Lfc-fe/b 

ft«^*(LflX i ilif*HSB[ft 100mm, M 
gffl 6 UyM^flHt H&B 30rpm Kfrffiffi 

□ ©*^tk>^ 64 r*# a*, mfh 



»&frfc7K'J V— a>SIIB«i*( H )l±. U2dl/gT* 

[0032] 
(SifciW 2) 

SIM 1 tfel+5*»aft»=fel^E** 
0.1ToiT4:Lfcia#Hi*tt« I fcH*4***fi 

[0033] 
(£Jfctt 3) 

LOToir iLfcBWttaaWH 1 tH*ft«^*ff 



[0034] 
(H«J4) 

^fi4*6*KM*«cflS«i|*J , 7-t 1 
£'>fc<U fMUftBaffllM* 60 
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polymerizer (L/D^4, impeller blade rotation diameter 1 66 
mm, internal volume 18 liter, stirring speed 20 rpm ) which is 
shown in Figure 5, with gear pump of the second step 
esterification tank outlet you polymerized with pushing in and 
residence time approximately 2 hours. 

intrinsic viscosity (;et) of polymer which it acquires was 0.64 
dl/g. 

[0031] 

Next this polymer, in twin screw horizontal type stirred type 
poststage polymerization vessel (L/D=6, impeller blade 
rotation diameter 100 mm, internal volume 6 liter, stirring 
speed 30 rpm ) which possesses self-cleaning functionwhich 
is shown in Figure 2 which is controlled to temperature 275 
deg C, pressure 0.3 Torr, with the gear pump 64 of 
aforementioned front stage polymerizer outlet was 
polymerized with pushing in and residence time 4 0 min. 

intrinsic viscosity (;et) of polymer which it acquires was 1.12 
dl/g. 

Other test result is shown in Table 1. 
[0032] 

(Working Example 2 ) 

Other than designating pressure as 0. 1 Torr in poststage 
polymerization vessel in the Working Example 1, doing 
polymerization which is similar to Working Example 1, 
youanalyzed in same way concerning polymer which it 
acquires. 

-Result is shown in Table 1. 
[0033] 

(Working Example 3 ) 

In Working Example 1, other than designating pressure of, 
poststage polymerization vessel as 1.0 Torr, doing 
polymerization which is similar to Working Example 1, 
youanalyzed in same way concerning polymer which it 
acquires. 

Result is shown in Table 1. 
[0034] 

(Working Example 4) 

In Working Example 1, polymer which is sent to poststage 
polymerization vessel from gear pump 64 of front stage 
polymerizer outlet it decreased polymer which in 1 part 
continuous is sent to theextract and poststage polymerization 
vessel in outside the system, other than designating residence 
time of poststage polymerization vessel as 60 min, doing 
polymerization which is similar to Working Example 1, it 
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[0035] 

(mm) 



-obokl. (JIU ftgai* io 'jyM/©*,© 

i t**. 

[0036] 

mm] 



analyzed in same way concerning polymer which itacquires. 

Result is shown in Table 1. 

[0035] 

(Comparative Example ) 

It designated poststage polymerization vessel form of 
Working Example I as same ones, as front stage polymerizer 
(However, internal volume used those of 10 liter. ),other than 
making residence time 6 0 min, doing polymerization which 
is similarfo Working Example 1, it analyzed in same way 
concerning polymer whichit acquires. 

Result is shown in Table 1. 

[0036] 

[Table 1] 





mm 

(*) dl/g 


* « 


dies/kg 




1. 12 




2a 


$1192 


1.28 


HftttL 


29 


mMs 


0. 02 


*»*L 


25 




I. 24 


L 


32 


it « 0) 


0. 89 




41 



II) ftmt&miv) 7x/-*kl. 1, 2, 2fr7^Pn 
(2) #!)v-«f»^ **h*l/ 



[0037] 



[0037] 



Page 13 Paterra Instant MT Machine Translation 



JP1996003301A 



1996-1-9 



(r/)jb< 0.4~0.9dl/g T?fe57K'Jx^b>rb^^b 
0.8~1.3dl/g ■e*i>7KUx9 L U>irb^$b-h^ 



[11] 

♦JBWiD-SJUttfllCfeltiTKyxyi/VTU 
7^L/-HKitCD7P-^^txailo 

[02] 

1 1 +a)tSfi^JS^H<DSf®i!c 



[123] 

0 2*0 11-11 ffl^affifSIIo 
[04] 

[05] 

■ 4 4»® I-I ttl^?ffBII. 



n 

in 

nil 

112 



[Effects of the Invention] 

According to this invention, after esterification step which 
blend of terephthalic acid and ethyleneglycol,esterifjcation 
reaction is done, condensation polymerization doing obtained 
prepolymer with this esterification step, the prestage 
condensation polymerization step 0 which obtains 
polyethylene terephthalate where intrinsic viscosity (;et) is 0.4 
- 0.9 dl/g and with specific twin screw horizontal type stirred 
type polymerization vessel whichpossesses self-cleaning 
mechanism in order is acquired polyethylene terephthalate 
which furthermore degree of polymerization raising to do 
with this prestage condensation polymerization process 
condensation polymerization action, Passing by poststage 
condensation polymerization process which obtains 
polyethylene terephthalate where intrinsic viscosity (;et) is 0.8 
- 1.3 dl/g because it produces polyethylene terephthalate, 
polyethylene terephthalate where quality is superior in high 
degree of polymerization isacquired. 

[Brief Explanation of the Drawing(s)] 

[Figure 1]- 

process diagram 0 which shows flow of polyethylene 
terephthalate production in embodiment of the this invention 

[Figure 2] 

sectional view D of poststage polycondensation reactor in 
Figure 1 

[Figure 3] 

sectional view 0 which parallels to 1 1 - 1 1 lines in Figure 2 
[Figure 4] 

sectional view e of twin shaft type polymerization reactor 
which is used from until recently 

[Figure 5] 

sectional view Q which parallels to I-I line in Figure 4 

[Explanation of Symbols in Drawings] 

1 

prepoiymerization reactor 
11 

poststage polymerization reactor 
111 

cylindrical pipe wall 
112 

cylindrical pipe wall 
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12 

122 

13 

132 

21 

22 

/Wu 

23 
24 
25 
26 

/Wu 

31 
32 
33 
34 

35 . 
36 

/Mb 
41 

42 



12 

rotating shaft 
122 

shaft cover 
13 

rotating shaft 
132 

shaft cover 
21 

paddle 
22 

paddle 
23 

paddle 
24 

paddle 
25 

paddle 
26 

paddle 
31 

paddle 
32 

paddle 
33 

paddle 
34 

paddle 
35 

paddle 
36 

paddle 
41 

scraper 
42 
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43 
44 
45 

X£b-/< 
46 

51 

52 

53 

54 

55 . 
56 
60 
61 

Drawings 
[01] 

60 61 




scraper 
43 

scraper 
44 

scraper 
45 

scraper 
46 

scraper 
51 

scraper 
52 

scraper 
53 

scraper 
54 

scraper 
55 

scraper 
56 

scraper 
60 

esterification reaction vessel 
61 

esterification reaction vessel 
[Figure 1] 



[H2] 



[Figure 2] 
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13 l{ bl 3?.&u . . . 
3 1 33 34 35 56 



[H3] 



[Figure 3] 



111 42 ? 53 ,11 




[Figure 4] 



[E)5J 



[Figure 5] 
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Abstract 
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xxt;I/£&*<> xxr^!Sm$JS20~120ppm 
(Dft&tpVftbti. -si*"** x*rMb£*:li 

SU&jSSflfcLT* ®ffl£ft4xX7Vi/£&$*£ 
|-*ff £S30> 1009tftfc*tfttffl*fr4a/< 
frHztit&aMto 99%&T0fita;lb*U =1 
/t;i/Hb**©»JI«>a^F 80ppm BlTtf, 

l~10ppm a)Stt+, ®Stfcbf£* Stttt 
5il4*l«Hb*« l.OOOppm BIT, fccfc 



Claims 

c»*a 1] 

Rrttftx^T;uS»*^ xx 

oi>t? s xxTJHb*fclix^T;uaSl*<«7 
Lfc&* 'j>g?> su>»te*i^fci**^> 



(74) [Attorney(s) Representing All Applicants] 

[Patent Attorney] 

[Name] 

Yuasa Kyozo (6 others ) 

(57) [Abstract] 

(There is an amendment. ) 

[Problems to be Solved by the Invention] 

With thermally stable, method in order to produce polyester 
of colorless which does not include antimony. And, product 
which is produced with this method is offered. 

[Means to Solve the Problems] 

After ester exchange, is done while existing of ester exchange 
catalyst 20—120 ppm, next, esterification or transesterification 
ends, phosphoric acid* phosphorous acid and/or phosphonic 
acid or in esterification or ester exchange batch, quantitative 
addingof 99% or less of equivalent for 100% quantity of 
equivalent for ester exchange catalyst which is used as 
complexing agent, and cobalt which is used those derivative, 
cobalt 80 ppm or less of morphological form of cobalt 
compound, in addition to batch, the condensation 
polymerization, while existing of titanium 1-10 ppm which is 
added with morphological form of titanium compound 
without adding antimony, suitableness and <fc organic 
compound 1,000 ppm or less* ahdsuitableness which give 
mule and crosslinked structure basis & method,, which is 
done in existence of mule and fluorescent whitener 50 ppm or 
less 



[Ciaim(s)] 
[Claim 1] 

With aliphatic diol of aromatic dicarboxylic acid with 
aliphatic diol of esterification or aromatic dicarboxylic acid 
lower fatty ester ester exchange* and, with condensation 
polymerization which continues, with thermally stable, with 
method in order to produce polyester of colorless which does 
notinclude antimony, said method, 

Possible ester exchange, with catalyst metal standard, while 
existing of ester exchange catalyst 20—120 ppm action, 

After next, esterification or transesterification ends, 
phosphoric acid* phosphorous acid and/or phosphonic acid 
or in esterification or ester exchange batch, in batch adding 
cobalt 80 ppm or less of morphological form of quantitative 
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ffi©3/<;i/h 80ppm eiT^. 
**<D»l|-elBJL6*i4y*> l~10ppm ©# 

ft^tt(-<^xu^gh-;i/)!,oooppm bit; fccfc 

tf, JIMS £#igS#J 50ppm BTfflff 



n**«2] 

lM***iA©BaKtt<, x**;Wfc*L<l*xa 

x^;b*lftftUlK»t-&ai*<D iOO%Sfc<J: 
tf*ffl**i8a/^H:>ft4ai0 90-99% 

[11*4(3] 

Ittfrtf, 7>* : e>£ inAScfcftC v£pp 
25 deg C LfcBfrftH 
(IV)0.4-0.9dVg ttT*. 
S^USS 10~50mm/]cg Olvt? % H*B"e 

Bfas^a^ttaHT-efc*?^ i-io PP m 
©Stt-cfTfrto. n*4i i fecfct; 2 ©'>£< 
fct i *i=e«©*a. 

[mm 4 

□/<JbMb**©#«©=i'M>h 20-40ppm H 

fct, 1 atffi«©*ft. 
[S!*3C 5] 

!i^&*<s 7>^E>£»la.4c£fc<* 
2-8ppm ©S«(Ka£i£fc&tf«£fflt&* 

#3*1** Bt*A M ©'>&<£* 1 *I=B«© 
[»*« 6] 

100-500ppm (Dft&V?Tt>h$>s »** 1-5 © 
*a<tt 1 SlfctB*©**. 

[**« 7] 

25ppm BlT©#«"CfT*>*i4,ll*a 
1-6 ©fWt<fc* 1 SIZE*©*}*. 



addingthose derivative, cobalt compound of 99% or less of 
equivalent for 100% quantity of equivalent for ester exchange 
catalyst which is used as complexing agent, and cobalt which 
is used, 

condensation polymerization, while existing of titanium 1-10 
ppm which is added with morphological form of titanium 
compound without adding antimony, suitableness and fc 
organic compound which gives mule and crosslinked 
structure basis erythritol ) 1,000 ppm or Jess* and, 
suitableness method a which is done in existence, of mule 
and fluorescent whitener 50 ppm or less 

[Claim 2] 

After esterification or transesterification ends, phosphoric 
acid^ phosphorous acid and/or phosphonic acid or 90 - 99% 
quantity of equivalent fori 00% (quantity of equivalent for . 
ester exchange catalyst which is used as complexing 
agent,and cobalt which is used it can add to esterification or 
ester exchange batch,those derivative, methodo which is 
stated in Claim 1 

[Claim 3] 

condensation polymerization, inherent viscosity which was 
measured with 25 deg C in dichloroacetic acid without adding 
antimony, (IV ) with 0.4 - 0.9 dl/g or less, with carboxyl 
concentration 10-50 mm/kg or less in melt, is done in 
existence of titanium 1-10 ppm which is below final viscosity 
which next, is desired with solid phase, method© which 
Claims 1 and 2 states at least in one claim 

[Claim 4] 

It can add to batch cobalt 20-40 ppm or less of morphological 
form of cobalt compound, methodo which Claim 1-3 states 
at least in one claim 

[Claim 5] 

condensation polymerization, while existing of titanium 2-8 
ppm, suitableness <fe is done inexistence of organic 
compound 1,000 ppm or less which gives mule and 
crosslinked structure basis withoutadding antimony, methodo 
which Claim 1-4 states at least in the one claim 

[Claim 6] 

condensation polymerization, is done in existence of organic 
compound 100-500 ppm which gives crosslinked structure 
basis,method„ which Claim 3-5 states at least in one claim 

[Claim 7] 

condensation polymerization, is done in existence of 
fluorescent whitener 25 ppm or less without adding 
antimony,method 0 which Claim 1-6 states at least in one 
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mm s] 

§&i>rt;u7f*>g&UlitKa*<>rt;U7K>® 
©««lil»fljxXTA'fl5BKft5?*-^l=J: 

#8 i~7 ©'J>fc<i:4. l *l=E«0aft"C*o 
Ts 

3 HI: 

HOOC-X-COOH (III) 

JHK&IXt^ 80~100mol%. fccktf , 3* IV: 
H0-X'-COOH(IV) 

*©«MSI»xX*fl' 0~20mol%£, St V: 
HO-Y-OH (V) 

*;u#>»©*fnat*"e. 5~i6 fl.»*L< 
li, 6-12 fl0A*JK?£*t«gtft*£ 

80mol%jy±, fej:tf» 4-10 & ff£L<li> 6-8 

®o)mm : i-£%t ; bmm& 20moi%&T 
■efcy-x 1 li, P -7xxu>s-c?fey;Y ii, ixf 

V^Utt^'j^U^tfcli 6-10 {1©&3II? 
D7;U*>S / >'S<tt 80mol%, fc«fctf, 4-16 

fl. #*L<ii. 4-8 flo«»0[?-$4rt«iKM 

* L < I* # tt 7 A- * V S> -f JU * fc I* 3t 
■(C 2 H 4 -0) 1 ,-Qft-(S' : f J ,n li, 1-40 ©SSrt?* 
4)THWiK*lt 20mol%)*lTT-& 1 J, n li, ff* 
Uli. 20mol%JaT©£*l=»LT, 1 *fctt 2 
T?*y.n=10~40 (7)SA<, Sf*L<li. 5mol%* 

SS©-£fil>S£Ui:^*S. 

[MOT 9] 

©attiSHM?, p-7xz.b>* 90~100mol%, 
m-7i-L/>S 0~7mol%,fcJ:tf,4~10 IJf 
*L<lt.6~8 l©@t2Sl*$£*SBSIH>8ia 
0~5moI%t?fcy;X' A«. p-7x-U>g-T?fey ; Y 

-;t>©£ttftS^ 2~4fl©j£3§Jf T-^t 

57;U*b>*L<li7K l J^U>^fcli 6-10 jl 
©K*H[^**t<5*>f07^*>4.L<l*^ 
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claim 
[Claim 8] 

With aliphatic diol of aromatic dicarboxylic acid or hydroxy 
carboxylic acid with the aliphatic diol of lower fatty ester of 
esterification or aromatic dicarboxylic acid or hydroxy 
carboxylicacid ester exchange* and, with condensation 
polymerization which continues, with method which Claim 
1 ~7 states at least in one claim , 

Formula III: 
HOOC-X-COOH (III) 

So aromatic dicarboxylic acid which is displayed or lower 
fatty ester 80-1 00 mol%* and Formula IV: 

HO-X'-COOH(IV) 

So aromatic hydroxycarboxylic acid which is displayed or 
lower fatty ester 0-20 moI%, Formula V: 

HO-Y-OH (V) 

So with diol which is displayed, esterification or 
transesterification with method whichis done. 

In above Formula, as for X, with total amount standard of 
dicarboxylic acid and the hydroxycarboxylic acid, 5-16, 
aromatic group which possesses carbon atom of preferably* 
6-1 2 80 moi % or more* and, 4 - 10, preferably, 6-8 with 
aliphatic group 20 mol % or less where has carbon atom; 
asfor X 1 , with p- phenylene group ; As for Y, with total 
amount standard of diol which transesterification or 
esterification is done,alkylene or polymethylene which 
possess carbon atom of 2 - 4 or cycloalkane or dimethylene 
cycloalkane group which possess 6-10 carbon atom at least 
80 mol%* and, 4 - 16,straight or branched alkane di yl or 
formula where preferably* 4-8 has carbon atom - (C2H4-O ) 
<sub>n-C2H 4 - with group 20 mol % or less which is displayed 
with (In Formula, n is integer 1 - 40. ), as for n, Vis-a-vis 
content of preferably* 20 mol % or less, with 1 or 2 , basis of 
n=I0~40,only content under preferably* 5 mol% methodo 
which does not exist 

[Claim 9] 

X, with total amount standard of dicarboxylic acid and 
hydroxycarboxylic acid, p- phenylene group 90-100 mol%* 
m-phenylene group 0-7 mol%* and 4- 10, preferably* 6-8 
with aliphatic group 0-5 mol% where has carbon atom; X 1 , 
with p- phenylene group ; Y, with total amount standard of 
diol which transesterification or esterification is done, the 
alkylene or polymethylene which possess carbon atom of 2 - 4 
or cycloalkane or dimethylene cycloalkane group which 
possess 6 - 10 carbon atom at least 90 mol%v and, 4 - 
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f-L/»$n7;i/*VS^*<i:4. 90mol% s 33J: 
Us 4-16 fl< ff*UI*» 4-8 fl® ftftJR?$* 

-(CjHro^j^-cs+s n a, i *fei* 2 ©ire 

ft4)T?»*ih** lOmoBtlSlT-C**. ff*& 
1-8 ©*ft<fc* 1 fli:et0£tt. 

in** io] 



16,straight or branched alkane di yl or formula where 
preferably , 4-8 has carbon atom - (C 2 H 4 -0 ) <sub>n-CaH 4 - is 
group 10 mol % or less which is displayed with (In Formula, 
n is quantity of 1 or 2. ), methodo which Claim 1-8 states at 
least in one claim 



[Claim 10] 

With thermally stable which designates aromatic dicarboxylic 
acid and aliphatic dioi as substrate, with polyester of colorless 
which does not include antimony, produceswith method 
which is stated in Claim 1 to be possible, with state of 
antitarnish none, color number component, 



a* 


-3~+3CDi5ffl* 












a* 


- 3 - Range + 3, 












b* 


-6~+6<7)f&ffl, 


fccfcl/s 










b* 


- 6 - Range + 6, 


And, 










L* 


55 




fe&KU 




X 


T 




L* 


55 


With range of 75 


A certain poly 




X 




jpHo 



m*aii] 
mm io cB«Lfc*»*i?*;i/«vitfecfc 

7>^>££3rf * l-10ppnu *)y 
gg£>XXf-;US&Mj££S 20-120ppnu «J> 

**i6fflB»ftfc©BB«WBtt3WlftB 
ggtr-^St^A^Uh 0~80ppnu fejctf, 
»*IC*oTI*B*ita«l 50ppm BlT*#fc 
tKUxXt^o 

[B*& 12] 

b*« io Scfctf ii ©*«t<tt i miztmo) 

2«8ppm, y>B,By>Ktectt//*fcii 
*X7h>Bft4i\|i**t6(3!>B»fti(Dtt«« 

>#> 5o~9o P pm, sy>»s«fcr;/*fc 

H*X7lC/B*«^tt*fc6©BBftfc©B« 



[Claim 11] 

cobalt 0-80 ppnu which with thermally stable which 
designates aromatic dicarboxylic acid and the aliphatic diol 
which are stated in Claim 10 as substrate, with polyester of 
colorless which does not include antimony, does not include 
the antimony, titanium 1-10 ppnu phosphoric acid * 
phosphorous acid and/or phosphonic acid or in catalytic of 
those derivative in catalytic ester exchange catalyst metal 
20-120 ppnu phosphoric acid s phosphorous acid and/or 
phosphonic acid of inert complex morphological form or 
those derivative with inert complex morphological form part 
exists and, When depending, polyester,, which includes 
fluorescent whitener 50 ppm or less 

[Claim 12] 

With thermally stable which Claim 1 0 and 11 state at least in 
one claim ,with polyester of colorless which does not include 
antimony, 

antimony implication, 

titanium 2-8 ppnu phosphoric acid* phosphorous acid 
and/or phosphonic acid or of those derivative in catalytic in 
catalytic of (It calculated as metal. ) manganese 50-90 ppnu 
phosphoric acid* phosphorous acid and/or phosphonic acid 
or those derivative of inert complex morphological form with 
inert complex morphological form part cobalt 20-40 ppm* 
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h 20-40ppnu fccfct/.ii^lCcfcoTliSitiifi 
M 25ppm laT^feTKUx^T^. 

w*a 13] 

ft*fl 10-12 I *C:|Btta>flft&£ 

Vs 7>**>*#*fcl^Sfe0#UxXTJU 

a* -2~+2 0)151, 



and when itexists depending, polyester,, which includes 
fluorescent whitener 25 ppm or less 

[Claim 13] 

With thermally stable which Claim 10-12 states at least in 
one claim , with the polyester of colorless which does not 
include antimony, with state of antitamish none, color number 
component, range of a* -2~f 2, 



b* 


-3. 5~+3. S&ffiMs tiktfs i 


b* 


- 3.5 - + 3.5 ranges, and, 


L* 




L* 


polyester 0 which is a range 60 - 70 



mm 14] 

10-13 ©'>4<fct i mmamfc 

T*fcU, u/\Vl/HD 90~99%tf, y>»* 
[»#« 15] 

»3ft« 10-14 Q'Pte<ti 1 «lzfBic<Dg&£5£ 

T\ 7:/«>*«fci**»fi©#UxxT;b 

T?*y, 5~25ppm **fctf Uxx? 

C«t*JS 16] 

»#JS 10-15 0'>4<4A 1 ®lclES£a>®£5e 

■c, T^^^t^r^fti^efeOTifyxxT^ 

3 VI: 



[Claim 14] 

With thermally stable which Claim 1 0-13 states at least in 
one claim , with the polyester of colorless which does not 
include antimony, 90 - 99% of the cobalt, phosphoric acid > 
phosphorous acid and/or phosphonic acid or polyester 0 
which is a inert complex morphological form' in catalytic of 
one ormore of those derivative 

[Claim 15] 

With thermally stable which Claim 10-14 states at least in . 
one claim , with the polyester of colorless which does not 
include antimony, polyester whichincludes fluorescent 
whitener 5-25 ppm 

[Claim 16] 

With thermally stable which Claim 10-15 states at least in 
one claim , with the polyester of colorless which does not 
include antimony, polymer chain, 

Formula VI: 



o o 

II II 

— C-X-C-O-Y-0 
[ft i] 



(VI) 



[Chemical Formula 1] 



"CrSSft'SltiiS 80~100mol°/o<!:> S VII: So structural group 80-100 moI% and Formula VII: which are 

displayed 

[ft 2] [Chemical Formula 2] 
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(VII) 



±E*+* X 5^16 fi* H*L<I*. 6-12 fl 
Oft*JI?t*t**»** 80mol%&±* £ 
*tf,+-10*ffllMM[^»*L<l*.M«O 
ft*JK***+4ttteftat 20moi%&TT?fe 

y ; x' #* p-^xub^at-eftyjY^ 2~4{@©j& 

*«*S***7A>*b>*L<te#'J*yb:/ 
*fcl* 6-10 *Oit*MlW»t4^P7^ 

1 80mol%, fcefctf* 4~16<@. #*L<I4, 4-8 fl 

i/^;L/*fcliS-(CjB4-OVC J H4-(S+, n lis 
1-40 ©g&T'fc^T^ftljg 20mol%&T 

flUT, I *fcl* 2 T?*y, n=10~40 ©»*<* »' 

10-16 0'>fe<i* 1 3ttB80ft££ 
T?feoT* 

X *<* p-:7xx.b>S 90~100mol%*m-:?xr.b 
>S 0-7mol%, ti&lfs 4-10 ®* #*L<li, 
6-8 fl0lMMft1-«Mftltit 0-5mol% 
■eftUsY *<* 2-4 «©ft*«««1"47A^ 
b>&L<li7KU^b>*fcl* 6-10 fltDjft* 
K : fS*t4'>^07;i/*>*L<l*^^U> 
>>^P7;U;fc:>S'>&<i:£ 90mol%4~16 {1, 
(ff* L<lis 4-8 lOHMftttitlil 
< 14 » tt 7 * * > v -f ;u * fc \t 5t 
-(C 2 H 4 -0)n-C 2 a,.(xC*, n I*. 1 ttzlt 2 <J)®X 
10mol%)ilTT*$)*, a IV T? 

[mm is] 

m*s lo-n ©'>ft<tti i adBaftftss 

-c* 7>^ : E>*'t*^t^S?fi©7K I Jxx7 1 ;u 

X p-7x^b>g 93~99mol%fcJ:tf m-7x 
-b>atl-7moI%Tf&4, aiVT?a**L41(Bft 

»*« 19] 



So it is formed from structural group 20-0 mol% which is 
displayed, 

In above Formula, X, 5 - 16, aromatic group 80 mol % or 
more* and 4 -10 carbon atom* preferably* 6-8 which 
possess carbon atom of preferably, 6-1 2 with aliphatic group 
20 mol % or less where has carbon atom; X',with p- 
phenylene group ; Y, alkylene or polymethylene which 
possess carbon atom of 2 - 4 or cycloalkane or dimethylene 
cycloalkane group which possess 6-10 carbon atom at least 
80 mol%* and, 4-16, straight or branched alkane di yl or 
formula where preferably* 4-8 has carbon atom -(C 2 H 4 rO ) 
<sub>n-C 2 H<- with group 20 mol % or less which is displayed 
with (In Formula, n is integer 1 - 40. ), as for the n, vis-a-vis 
content of preferably* 20 mol % or less, with 3 or 2 , Basis of 
n=l 0-40, only content under preferably* 5 mol% polyester 0 
whichdoes not exist 



[Claim 17] 

With thermally stable which Claim 30-16 states at least in 
one claim , with the polyester of colorless which does not 
include antimony, 

X, p- phenylene group 90-100 mol%* rn-phenylene group 
0-7 mor%* and 4 - 10, preferably* 6-8 with aliphatic group 
0-5 mol% where has carbon atom; Y, alkylene or 
polymethylene which possess carbon atom of 2 - 4 or 
cycloalkane or dimethylene cycloalkane group which possess 
6-10 carbon atom at least straight or branched alkane di yl or 
formula where 90 mol%* 4-1 6* preferably* 4-8 has carbon 
atom - (C 2 H 4 -0 ) <sub>n-C 2 H4- is group 10 mol % or less 
which is displayed with (In Formula, n is quantity of 1 or 2. ), 
polyester 0 which consists of structural group which is 
displayed with Formula IV 

[Claim 18] 

With thermally stable which Claim 10-17 states at least in 
one claim , with the polyester of colorless which does not 
include antimony, 

X, is p- phenylene group 93-99 mol% and m-phenylene 
group 1-7 mol%, polyester*, which is formed with structural 
group which is displayed with Formula IV 

[Claim 19] 
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With thermally stable which Claim 1 0-18 states at least in 
one claim , with the polyester of colorless which does not 
include antimony, in catalytic the inert manganese complex 
and cobalt complex, phosphorous acid or polyester*, which is 
a complex of the ester 

[Claim 20] 

With thermally stable which Claim 1 0-1 9 states at least in 
one claim , with the polyester of colorless which does not 
include antimony, when depending,polyester 0 which 
includes crosslinked structure basic 1,000 ppm or less 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention, reproduction quite being easy, when quite trace 
addition it does titanium condensation catalyst, quite has fast 
polymerization rate, titanium condensation catalyst which 
causes uncontrolled crosslinking of polyester where thermal 
decomposition is little suitably, is formed is used,with 
thermally stable, method in order to produce polyesters of 
colorless which does not include antimony. And, it is 
produced with this method , colorless it regards product 
considerably with transparent 

[0002] 

[Prior Art] 

polyester quite has had large importance with quite many 
applied field. 

Especially, saturated polyester are used by production of fiber 
material extensively, shaped article item of other type, are 
used for also the bottle for for example beverage. 

For further use in, for example fiber industry or beverage 
industry of fabricabilhy and the extruded product which do 
not have deficiency with extrusion of these polyesters, 
quitehigh-level requisite, is assigned in quality of polyesters. 

Especially, fabricabiiiry and use property of polyester type 
which is used for theone for special fabrication work are usual 
same while quite strictrestricting, it is required . 

In order to process with extrusion* for example melt 
spinning , most first, these, always the uniform molecular 
weight always have reproducible molecular weight 
distribution , it does not include gel fraction, possible limit* 
yellowing or thermal decomposition is difficult to do it is 
important . 
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[0003] 

>K'JxXt^«B\ att< *»»5?*JU*>K 
©llMM#*-;ufc©xXTJUfc*fctt*» 

^-;ui©x^T;ua*, fccfctA Ik, ft® 

re©«wnc*oTttfc**i*. 

[0004] 

fctt, «»*ffl©aii«=*yfts*ft**R© 

ft4x^T;US*«l«©#<ErfTsb*l4. 



6*tJ^I«w*>Bfc*^tt**iA©Wi 

*#4x*wa«T?M«^tt«tLTait 

14, #ijxXt*© tt'Lttf*.' 

So 

[0005] 

££>lc, 7>^>jb^©7KUxx-r;u+T^ 
J±ttft»i^*l4, -t©«at*flift4i©it 

6©^ *Afc**iF*l6. ; 



7>«>fc*ft©Ji:l$tt» 1^*14, 7>* 

^^^^©jiJrtHnt.tt^tti-eif^a 
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Vis-a-vis further fabricability, catalyst metal, in dyeing step, 
Is not toliquate from possible limit* fiber material. 

If why is, these to be done from waste water of dyeing thing 
house,because it is necessary to be abolished by expensive 
purification operation . 

Difficulty which it occurs with cumbersome ingredient in 
abolition of after use polyester production ones or reuse 
(recycle ) does not have to exist and. 

[0003] 

polyesters continues, usually, esterification of aliphatic diol of 
aromatic dicarboxylic acid or ester exchange, of aliphatic 
diol of aromatic dicarboxylic acid lower fatty ester and, until 
molecular weight which isneeded for application which plan 
is done is achieved, it isproduced with condensation 
polymerization . 

[0004] 

As for possible ester exchange, after ester exchange ends, is 
done in existenceof ester exchange catalyst where it is 
necessary inactivation to be done by theaddition of 
complexing agent. 

complexing agent which is used usually phosphoric acid, 
phosphorous acid and/or phosphonic acid or is those 
derivative. 

When after esterification or transesterification, condensation 
polymerization is done, it gives desired molecular weight, as 
forthis, in addition, it is done in existence of suitable catalyst. 

It was accepted with industrial scale where antimony 
compound, usually, antimony trioxide, islarge as 
condensation catalyst. 

Here, those which have antimony compound being reduced 
by reductant , become antimony metal, this causes antitarnish 
of polyester. 

This lacks transparency, causes hue of non- colorless. 
[0005] 

Furthermore, because content where inside of polyester of the 
antimony compound is high relatively designates production 
as expensive ones, itis considered deficiency. 

In addition, there is a possibility antimony compound being 
discharged in thefurther processing operation and during for 
example dyeing. 

content where antimony compound is high relatively, other 
than forming the antimony precipitate, exerts influence on 
spinning property. 
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[0006] 
[0007] 

[0008] 

■ ^f©flJfT*,«*tf* US-A-3,962,189 % 
JP-PS-280060979) * JP-PS-1 23,3 11(1976) . 
JP-PS-43564(1979) , JP-PS-1 1 1985(1980)£fc 14 
JP-PS-280048(1 989) It , # 'J X Xf ;U0 £ ffi * 

[0009] 

□/^uHt*ft i ^uafcy, 0.5-7.5 ^uatt 

P/Co iblis *><LTs JP fttt 28006 
"Cli, 0.5-1.5 "Cfcy^JP ftfr 111985 
0.7-3 -e ft y , JP tt K 280048 1? {4 , 
0.5-7.5[mdl/mol]t?ft5o 

wit*4i4#^ sib^isihs 

yx*T^i<JM6U £*#W»T?*fti>fcft 
y;uH»4<»Jjt**i, «£fta>JM&tt*ifc 



[0006] 

Therefore, deficiency of manufacturing method which was 
inscribed is lostproposition in order to do has done, already. 

[0007] 

This way, with addition of cobalt compound and/or 
fluorescent whitener, hue of polyester isimproved is public 
knowledge . 

Furthermore, in place of antimony compound, titanium 
compound is used is public knowledge as condensation 
catalyst. 

[0008] 

method in order various publications for example U.S. 
Patent-A-3,962,189, JP-PS-28006 (1979), JP-PS-123, 31 1 
(1976), JP-PS-43564 (1979), JP-PS-1 1 1985 (1980) or 
JP-PS-280048 (1989), in order to improve hue of polyester, in 
thesame way as ester exchange catalyst, adds cobalt 
compound where it is necessary complexing to be done before 
starting condensation polymerization, does condensation 
polymerization in existence of titanium compound, to produce 
polyesters is disclosed. 

[0009] 

If you follow these publication, cobalt and complexing which 
are added thequantity of complexing agent which is used in 
order to do is inside range of cobalt compound per mole* 
0.5-7.5 mole. 

P/Co ratio which is used, with JPpatent 28006, with 0.5 - 1 .5, 
with JPpatent 1 1 1985, with 0.7 - 3, with JPpatent 280048, is 
0.5 - 7.5 [mol/mol ] this way. 

This known method overcomes all deficiency which 
accompanies use of antimony compound,you say that 
actually, transparent polyesters of suitable colorless is 
produced is possible in processing operation and use which 
are required, this way, itpossesses considerable benefit. 

But, as for deficiency of this known method, reproducibility 
some insufficient way is thepoint which remains. 

This way, when depending, product which is desired is not 
acquired,when it is thought, that in substituting, condensation 
polymerization is done, bogging does not arrive in molecular 
weight which is needed, condensation polymerization time is 
extended isneeded polyester to do yellowing, gel fraction to 
be formedbecause it cannot control cross I inking, heat 
sensitive of product occurring, Further treatment is impaired 
much. 

Therefore, benefit which that itself of method gives is not 
alwaysactualized. 
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So 
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[0010] 

[Problems to be Solved by the Invention] 

problem of this invention, reproduction quite being easy, 
when quite trace addition it does condensation catalyst, quite 
has fast polymerization rate, condensation catalyst 
whichcauses uncontrolled crossl inking of polyester where 
thermal decomposition suitable is little, isformed is used, with 
thermally stable, method in order to produce polyester of 
colorless which does not include antimony. And, it is to offer 
product which is produced with this method . 

[0011] 

[Means to Solve the Problems] 

Well, after in surprising fact, possible ester exchange, with 
catalyst metal standard, is donein existence of manganese 
20-120 ppm of morphological form of ester exchange 
catalyst, preferably* manganese compound, next, 
esterification or transesterification ends, phosphoric acid* 
phosphorous acid and/or phosphonic acid or quantity of 99% 
or less of equivalent for 1 00%quantity of equivalent for ester 
exchange catalyst which uses those derivative, and the cobalt 
which is used, as complexing agent, When existence of 
titanium 1-10 ppm which is added with morphological form 
of titanium compound in addition to esterification or 
transesterification batch, cobalt 0-80 ppm of cobalt 
compound morphological form in addition to the batch, 
condensation polymerization, without adding antimony, and, 
suitableness and organic compound 1,000 ppm or less* 
and suitableness which give mule and crosslinked structure 
basis ife it does in existence of mule and fluorescent whitener 
50 ppm or less, Of aliphatic diol of aromatic dicarboxylic acid 
ester exchange* of esterification or aliphatic diol of the 
aromatic dicarboxylic acid lower fatly ester and, it continues, 
with condensation polymerization regular reproducible way, 
with thermally stable, polyester of colorless which does not 
include antimony wasdiscovered can be produced . 

[0012] 

suitable ester exchange catalyst is public knowledge with 
literature . 

Group la of for example Periodic Table (Example:Li,Na,K ), 
Group Ha (Example :Mg, Ca ) and metal compound* of 
VGroup Ha (Example:Mn ^specially, those which possess 
fixed solubility with ester exchange batch, salt of for example 
organic acid, is suitable vis-a-vis method which youfollow 
this invention. 

Desirable compound, VGroup Ha* especially, lower fatty 
carboxylic acid salt of the manganese, especially, is acetic 
acid salt. 
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Lfc)W*> 20~120ppm ffl#tt"CfT5^i:ft* 
[0014] 

SirLrft^Lr)50ppm UTV&Zo 
»*L<l*»3/<*h 20~40ppm li,3/<;UHb 

M03/^hl 20~40pprn icffiatSa/W 
[0015] 



[0016] 
[0017] 



[0013] 

Therefore, possible ester exchange manganese compounds 
especially, it does embodiment where method which you 
follow tli is invention is desirable, in existenceof (It calculated 
as metal. ) manganese 20~120 ppm of manganese acetate 
morphological form it includes . 

[0014] 

cobalt compound which is added in order to improve hue of 
polyester,convenient and in same way, is organic acid salt s 
for example acetic acid or adipate of the cobalt. 

minimum amount of cobalt compound when it is individual in 
order to achieve the hue of colorless depends on extent of 
shift of colorwhich is needed. 

When fluorescent whitener is used for one for correction of 
color additional, thequantity of cobalt compound, obvious 
thing, decreases. 

Generally, quantity of addition cobalt which is 
needed,above-mentioned sort, with weight basis of regular 
polyester, (Calculating as metal ) is 50 ppm or less. 

As for preferably* cobalt 20-40 ppm, it can add quantity of 
cobalt compound which issuitable to namely, free amount of 
cobalt 20-40 ppm in addition to blend, with morphological 
form of the cobalt compound. 

[0015] 

In order in prior art method, condensation polymerization 
bogging it does ester exchange catalyst, the namely, not be 
able to achieve high molecular weight which is needed, 
whenfurthermore polyester which is acquired discloses to 
heat, because the sensitivity increases, before starting 
condensation polymerization of method which youfollow this 
invention, complexing agent is added, inactivation it is done 
by. 

When it is isolated, as for cobalt compound which is added 
before condensation polymerization,in addition, complexing it 
is done in order to improve thermal stability of the polyester 
which is produced. . 

[0016] 

Is added total amount of cobalt compound which being done, 
inactivation it doesnot become under any condition this way 
vis-a-vis method which youfollow this invention,, 1 - 10% of 
addition cobalt compound complexing fa certainit is a 
essential so for . 

[0017] 

Therefore, quantity of complexing agent, ester exchange 
catalyst 100% inactivation does notdowith complexing , in 
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£fe© 9(W9%©»^ft»rt*ii4J:5l^aR 
[0018] 

©ft© 90~99%l*. *ai=ttfflt5^i:^-e* 

So 

T?ft4o 

WtflSlOfi 80~120%£fiji!fi 1 £/\^©&@ 



P/Co ifc*<***#5»fcl::tt % ffifilMteJg, t 

p/co tt*<**HitiaTm 
aaop/co 

[0019] 

xxT;u35^ttJIf-*f 1 4 i 1© ioo%4fccfc 

tfttffl**l*=i/OUHC»t4a*a) 90-99% 
[0020] 
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order only 90 - 99% of cobalt compound complexing to 
bedone, selects. 

[0018] 

When complexing strength of complexing agent is known 
accurately, 90 - 99% of thequantity of complexing agent of 
equivalent for quantity of cobalt youcan use, easily. 

But, generally, with preparatory experiment , quantity of 
complexing agent which isneeded is decided to be more is 
suitable . 

Because of this, are designated as main batch and same 
composition whichthese all plan are done approximately 80 - 
120% of quantity which is needed for theoretical of for 
example complexing agent in addition to test batch of several 
times of condensation polymerization batch, next, 
condensation polymerization, is done under the identical 
condition. 

After condensation polymerization ends, it decides viscosity 
(namely, molecular weight which is achieved) which is 
achieved, with all batch, 

It shows result of this kind of consecutive preparatory 
experiment, in Figure 1 of drawing. 

In this case, with coordinate system, plot it does viscosity 
whicharrives, vis-a-vis ratio (for example P/Co ratio) of 
complexing agent anti- cobalt compound. 

When P/Co ratio is too large, extremely it becomes low 
viscosity s namely, low-molecular-weight, itis ascertained . 

Below limit which has P/Co ratio, molecular weight which is 
achievedbecomes large. 

flat part of curve and inflection point between rise branch 
display P/Co ratio of equivalent 

This way, next, it can add to main batch quantitative 99%or 
less of complexing agent. 

[0019] 

After esterification or transesterification ends, phosphoric 
acids phosphorous acid and/or phosphonic acid or those 
derivative, in esterification or the ester exchange batch, 90 - 
99% quantity of equivalent for 100% quantity of equivalent 
for ester exchange catalyst which is used as complexing 
agent, and cobalt which is usedwhen it is added, especially it 
is profitable. 

[0020] 

cobalt compound only part step which inactivation is done, in 
surprising fact,improves reproducibility of this method to K 
lath check, condensation polymerization velocity quite 
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[0021] 

I^SMlcli, ttWSHHtf/c&Jai-efcy. x*f 

y>MW*©JMttWrtH4. "PHM ixf * 
I: 

0=P(OR'),(I) 

C*+, * R 1 1*, H-rfc-sT*, 

**<, 7;Mr;k fcKn**7**;u*fci*7 

*>. ]t?«£ *iStf-*S/7;u*Mb£ftfc7;u* 
;u-tFa+i/7;u*^-y^Kxx-r;ufi, 

14,56 II: 

(R^-PO-R'-COOR^II) 

pt+,R*. R , J3*tfR' , tt.7^H6Tf**.] 

[0022] 

-So 

[0023] 

7>«>Sto*.4wfcfc<.$**nnrato 25 

deg C ■Cffl£LfcB»»S(IV)0.4~0.9d]fe 1U 
Ts #*L<I4. 0.5~0.7dl/g filTC, gBfctt+t? 
©*JUjK4t*>;HIS 10~50mm/kg JUT. » £L 
<l4s 10~40mmol/kg &.TX\ Olvt?, @4ST'Rlf 
a**lS»«6ISSJyT-Cfe€)^> l-10ppm© 
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isquick even with when titanium condensation catalyst of 
quite trace is added, without crosslinking of polyester where 
thermal decomposition decreases suitably, is formedbeing 
controlled, therefore, yellowing or gel-forming are not caused. 

Therefore, with reaction procedure method which you follow 
this invention, additive for fine appearance may be little, 
fabricability which does not have deficiency is achieved. 

polyester which is acquired in regard to clarity and colorless 
characteristic fills up requisite of quite high quality. 

[0021] 

suitable complexing agent for method which you follow this 
invention, with public knowledge , is all compound which is a 
inactivation medicine forester exchange catalyst in principle 
as the complexing agent. 

phosphorus-containing compound, for example phosphoric 
acid, phosphorous acid and phosphonic acid and these 
derivative especially are suitable, it isproven . 

As for concrete example of phosphoric acid derivative, n pH 
Mesters", namely, Formula I: 

0=P(OR , )<sub>3(I) 

oxy alkylation which is displayed with [In Formula, Group R 1 
may differ, being same, alkyl, hydroxyalkyl or it isa 
hydroxyalkyl group which alkoxylation is done. ] 
alkyl-hydroxyalkyl-phosphate ester which are done, 
or,FormuIaH: 

(R 2 0 ) <sub>2-PO-R 3 -COOR 4 (II ) 

It is a blend of phosphonic acid esters which is displayed with 
[In Formula, R\ R 3 and R 4 are alkyl group. ]. 

[0022] 

titanium compound regarding to method which you follow 
this invention, is usedas condensation catalyst. 

all titanium compounds which is explained already because 
of this objective especially,potassium titanyl oxalate or 
titanium isopropionate is suitable in basic. 

[0023] 

When inherent viscosity which was measured with 25 deg C 
in dichloroacetic acid withoutadding antimony, (IV ) with 0.4 
- 0.9 dl/g or less, preferably, 0.5-0.7 di/g or less, below 
carboxyl concentration 10-50 mm/kg or less s preferably, 
10-40 mmol/kg in the melt, condensation polymerization is 
done in existence of titanium 1-10 ppm which is below the 
final viscosity which next, is desired with solid phase, 
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[0024] 

EfcttTTfHSgLT. 0.7~2.0dl/g, #*UI*. 
0.7~1.5dl/g ©J&Hrtifc4©*tJa>. 

SISaii||Wfc<fctffil8#Sgti, »fi©*ft 

frjlx, 260-350 deg C -CfrfolV »*Ult, * 

0.2-10 S'J »£UI*. 0.4-5 S'J/Hb 
©«5ffl©*ETT?ff:b*i4. 

[0025] 

fcC 2~8ppm ©#£*, Sg*g«il*£-5 
*4*«ft<f* l.OOOppm WT,#*L<I*, 
100~500ppm ©#S^7^^l4. 



[0026] 

ttffl**i4*«Htt, xz.T)i£BtfLt*>zt 
©T?t4'>*<t ! b 3 fl©tfttt£**t41b 
afr«&4. 

x^T;ut»jW4ct©T?**9*»l*. OH 
■C'fc4. 

I$(trimesic acid), lfn>'J>y|»K§Tfc4. 
[0027] 

tK'Jxt.^ ;u©feffi£$e>l::*SU =i/\*;uh£ 
8Mjrt4fc:fcl^ TV^V^Da^Ci&C 
f Jtit^ffJ 50ppm SIT, ff*L<tt. 5~2Jppm 
©|«ET?WB**fT3fl)4<ia-e*4^t3!iqBE 

w**iri»4. 

[0028] 

jtLT^i©rasr'fe4o 
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especially it isdesirable. 
[0024] 

As for final viscosity of polyesters which you follow this 
invention, measuringunder above-mentioned condition, it is 
good to be inside range of 0.7- 2.0 dl/g, preferably* 0.7—1.5 
dl/g. 

condensation polymerization time and condensation 
polymerization temperature are controlled, in order with 
known method, for desired final viscosity to be achieved. 

Generally, as for condensation polymerization, with property 
of polyester, in polyester production field is done with usual 
method, is done with 260 - 350 deg C, isdone under 
preferably* inert gas, under for example nitrogen and under 
vacuum of range of and/or* 0.2-10 millibar* preferably * 
0.4-5 millibar. 

[0025] 

In order to adjust property* for example melt viscosity of 
polyester of a certain kind, crosslinking of extent which is 
limited is caused, it is desirable . 

Because of this, condensation polymerization while existing 
of titanium 2-8 ppm, is done inexistence of organic 
compound 1,000 ppm or less, preferably* 100-500 ppm 
which gives crosslinked structure basis without adding the 
antimony, 

[0026] 

As for crosslinking agent which is used, it is a compound 
which contains functional group of at least 3 which can form 
ester. 

functional group which can form ester, OH group, carboxyl 
group* alkoxy carbonyl group* especially, lower alkoxy 
carbonyl* carboxylic acid anhydride group and is reactive 
group which is induced from these. 

Example of usual crosslinking agent, pentaerythritol* 
trimethylolpropane* trimellitic acid* trimesic acid (trimesic 
acid ), is pyromellitic acid etc. 

[0027] 

Furthermore it improves hue of polyester, in order to save the 
cobalt, it is suitable to do condensation polymerization in 
existence of fluorescent whitener 50 ppm or less* 
preferably* 5-25 ppm,without adding antimony, it is proven . 

[0028] 

chemical composition of polyesters quite is important 
vis-a-vis those property. 
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HOOC-X-COOH (III) 

■e«4*i4*#*i?*;i/#>il*f=tt*©«» 

HiW^X^f/U 80~100mol%, fc^tf, a IV: 
HO-X'-COOH(IV) 

<>~20moi%£fci4*<zM£Mift&x7.T;u£, 

SCV: 

HO-Y-OH (V) 

Ti^S^t-W, x*T-;Ht*fc(4xx 

c<DR&,x 14, s?*;u#:4!JsJ:i;fcKn*S'* 
li, 6-12 ®ro&§fcJI*£**-5£#85££ 

80mol%&±. 4-10 fi, Sf*L<l4, 6-8 

««>«*W*S«-*»ttil» 20mol%JilT 
•e*y;X' 14, p-7inbVSt-joy;Y 14, XXx 

>*L<l47KU^f-U>*fcl4 6-10 @0)8tm 

aTfrlfr&'Jtt^bt, 80mol%, 4-16 @, tf* 
L<li,4~8 fl0jt*ff?£*?«ttflt>L<li 
# (ft 7 * > 5? -MU £ fc 14 3* 
-(CjH^-OVCjE.-CiC+.n 14, 1-40 0g&T?fc 
4rc***l4* 20mol%felT-C-fcy , n 14, #* 
Utt.20mQ»41{lT©*ifc»LT, 1 2 
T?fcy,n=10~40 0>gA<, *f *IXI4, 5mol%£ 

[0029] 

ro^StSS^t?. p-?x^b>g 90-100mol%, 
m--7x-U>S 0~7mol%, fc4tfs 4-10 jl,if 

$L<li,6~8 fla>Jtt*I?«4rt«BKtttt 

O-Smoiyo-efeyjX' p-7i-U>ST?fcl-J;Y 

-ji/©£tt**re. 2-4 

§7;U+b>tL<(47KU> : fU>*fcl± 6r-10 © 

9 1 L/>->^P7';u*>S / >'5:<i: : fc 90mol%, 
4-16 ®,S?£L<l4,4-8 flOUt*****-*- 

.(CjH4-0)n-CiH4-(SC*, n 14, l ttzit 2 CD&T? 
fcS)T?g£;K-i>£ 10molHJaT-Cfc4*3l=ffi 
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Description above in order to produce suitable polyesters in 
application which isintended, vis-a-vis method which you 
follow this invention, under theabove-mentioned condition, 
Formula III: 

HOOC-X-COOH (III ) 

So aromatic dicarboxylic acid which is displayed or lower 
fatty ester 80-100 mol%* and Formula IV: 

HO-X'-COOH (IV) 

So aromatic hydroxycarboxylic acid 0~20 mol% which is 
displayed or lower fatty ester, Formula V: 

HO-Y-OH (V) 

So with diol which is displayed, esterification or 
transesterification it does. 

In this case, as for X, with total amount standard of 
dicarboxylic acid and the hydroxycarboxylic acid, 5-16, 
aromatic group which possesses carbon atom of preferably* 
6-1 2 80 mol % or more* and, 4-10, preferably* 6-8 with 
aliphatic group 20 mol % or less where has carbon atom; 
asfor X 1 , with p- phenylene group ; As for Y, with total 
amount standard of diol which transesterification or 
esterification is done,alkylene or polymethylene which 
possess carbon atom of 2 - 4 or cycloalkane or dimethylene 
cycloalkane group which possess 6-30 carbon atom at least 
straight or branched alkane di yl or thefbrmula where 80 
mol%* 4-1 6* preferably* 4-8 has carbon atom - (C2H4-O ) 
<sub>n-C2Kr with group 20 mol % or less whichis displayed 
with (In Formula, n is integer 1 - 40. ), as for n, vis-a-vis 
content of the preferably* 20 mol % or less, with 1 or 2 , . 
Basis ofn=10~40 exists, only content under preferably* 5 
mol%. 

[0029] 

X, with total amount standard of dicarboxylic acid and 
hydroxycarboxylic acid, p- phenylene group 90-100 mol%* 
m-phenylene group 0-7 moI%* and 4- 10, preferably* 6-8 
with aliphatic group 0-5 mol% where has carbon atom; X\ 
with p- phenylene group ; As Y, with total amount standard of 
diol which transesterification or esterification is done, the 
alkylene or polymethylene which possess carbon atom of 2 - 4 
or cycloalkane or dimethylene cycloalkane group which 
possess 6-10 carbon atom at least straight or branched alkane 
di yi or formulawhere 90 mol%* 4-1 6 * preferably* 4-8 has 
carbon atom - (C 2 H 4 -0 ) <sub>n-C 2 H4- been a group 10 
mol % or less which isdisplayed with (In Formula, n is 
quantity of 1 or 2. ), when starting substance is selected, 
especially it isdesirable. 
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[0030] 

*»WI=flR*ttl::fcvr» 3 IV X'^hit. 

93~99mo]%. Sf*L<li. 95~98mol%. 
fccfctf m-7x-U>S 1~7mol%. $?£UI±, 
Wmol%T***J:5l=»flT4i:» »I=»*L 

X tiW X' l=*oT«*ti*9fSlMU*. M 

itJt*ajit*«*i=i*. 1 a*fci* 2 aoa 

t-5. 
[0031] 

4fei 10mol%«T> »*L<I4, 7mol%)aTA<s # 



[ft 3] 



R 1 

[xC^.r ii,ia»ii!ttii*fctt«a7;i/*u 

It, 2-6 *#t*7;u*>5?-f 
2-6 ■0)|IHIlffl[«*t*^n7;u*>i?-< 

tS7;U+;uSSfcl±7 , J-^tL<I*77^+ 

;u*>kfr-7 ■a>**««*f*7'J-A* 

T;H»fi»«4S.*,DB-C-23 46 787 fccfctf 



[0030] 

Regarding to method which you follow this invention, when 
you do not use hydroxycarboxylic acid which is displayed 
with Formula IV, as dicarboxylic acid componentwhich is 
displayed with Formula III, X, with total amount standard of 
the dicarboxylic acid and hydroxycarboxylic acid, been a p- 
phenylene group 93-99 moi%, preferably, 95-98 mol%, 
and a m-phenyiene group 1-7 mol%, preferably, 2-5 mol%, 
you select, especiallyit is desirable. 

aromatic group which is displayed with X and X 1 is the 
unsubstituted, or when or, property of kind which has 
polyester isimproved, it is possible to possess substituent of 1 
or 2. 

As for preferably, basis, with unsubstituted , 10 mol % or 
less of namely, aromatic group, have the substituent mainly. 

correct content of substituent is specific in accordance with 
effectwhich is achieved. 

Desirable possible substituent is methyl group and sulfone 
group, 

[0031] 

When specific property of a certain kind is desired, other than 
theabove-mentioned starting substance, other cocondensable 
compound 10 mol % or less, preferably* 7 mol % or less, is 
cocondensable in polyester. 

As for polyester where for example easily combustible is low, 
in case of dicarboxylic acid, and the suitable which 
cocondensation are done, with total amount standard of 
hydroxycarboxylic acid, the Formula VI: 

[Chemical Formula 3] 



polyester structural group which is displayed with [In 
Formula, as for R, cycloalkane di yk methylene phenyl or 
phenylene, which possesses carbon atom of alkane di yl, 
2-6 which possesses carbon atom of saturationopen chain or 
cyclic alkylene, arylene or aralkylene group, preferably, 
2-6 especially, with ethylene , asfor R 1 , aryl or aralkyl, 
which possess carbon atom of the alkyl , 6-7 which possesses 
carbon atom of alkyl group or aryl or aralkyl group, 
preferably, 1-6 whichpossesses carbon atom of 6 or fewer 
especially, it is a methyl, ethyl , phenyl or benzyl. ] is 
given, when with DE-C-23 46 787 and 2,454,189 
cocondensation it does compound 1-10 mol% of public 
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24 54 189 \Z.i.oX2tta<Dit£to l~10mol%£# 
[0032] 

io MHiaT©***, 11*4. »»» 
Sid*, cft&fcxxxJMfc, x*-f 

*T*«£«Rt6iK'Jx*r;i/££fl:*l io 
MHSIT. »*L<tt. 5 IftKttTQJBtt 
14. *»ffll=tt5*ftl=fet*r, W=ft*Ll*. 



m&ww-hJWMzmxibZ. 

[0033] 

a* -3-+3 0|BH. »*L<l4s -2~f2 09IBB 
b* -6~+6 <Df5i.S?*L<li,-3.5~f3.5 <0f5 

H§* (fcefct/* 

L* 55-75 ©«5H»#*L<li» 60-70 <D®5BT? 
[0034] 

♦J&BlCttStfyxXTfl/tt. 7>? : E 

s (^StLTiti:L-c)^^> 
MOppm, y>B, S'J:/B6*tf/*fcl***rt 

2o-i20ppm, yvBL ay>«te*tf/*fctt* 

ft»LTp/N>h 0~80ppnu » H£lCj; 
■aTtt, 50ppni UTZStlZtm 

[0035] 



1996-3-19 

knowledge in polyester, it can produce with method which you 
follow this invention. 

[0032] 

When modifier, filler* pigments dye* antioxidant* 
hydrolysis* light and heat stabilizer and/or processing aid of 
10 weight % or less, titanium catalyst isnotcontroled, these it 
adds to esterification* ester exchange or condensation 
polymerization batch, it is possible. 

Addition of polyester stabilizer 10 weight % or less* 
preferably* 5 weight % or less which protects polyester 
content of blend vis-a-vis hydrolysis and thermal 
decomposition regarding to method which you follow the this 
invention, especially is desirable. 

Especially useful stabilizer, reacting with carboxyl endgroup 
of polyester, end group* for example glycidyl ethers* 
ketene imine and aziridine which are not a acid or is 
compound which gives the isocyanates. 

Especially useful stabilizer when you use especially, 
combining these withmutual, is carbodiimide and poly 
carbodiimide. 

[0033] 

Produces this invention, with above-mentioned method to 
bepossible, to designate aromatic dicarboxylic acid and 
aliphatic diol as substrate, with the state of antitarnish none, 
those color number component, 

Range of a* -3-+3 and range of preferably* -2~f2 

Range of b* -6~f6 and range of preferably* -3.5~+3.5, and, 

It is a range of L* 55-75 and a range of preferably* 60-70. 

[0034] 

polyester which you follow this invention, furthermore, does 
not include antimony, in catalytic of (Calculating as metal ) 
titanium 1-10 ppm* phosphoric acid, phosphorous acid 
and/or phosphonic acid or those derivative in catalytic ester 
exchange catalyst metal 20-120 ppm* phosphoric acid* 
phosphorous acid and/or phosphonic acid of inert complex 
morphological form or those derivative with inert complex 
morphological form part (Calculating as metal ) cobalt 0-80 
ppm* and when it exists depending, includes fluorescent 
whitener 50 ppm or less, it makesfeature. 

[0035] 
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2~8ppm, 'J>»» a'J>Mft*tf/*fcl**^* 

Sttfc»*»tt©(*MilTtt*Lfc)Y># 
> 50~90ppnu 'JZ/B. a'J>BfeJ:tf/*fcl4* 

20~40ppnu fc if ^ICJ^TI** £3fc#G 
[0036] 

a/OUHD 90~99%A<v i ;>a»SU>Kfc<fei;/ 
*fctt»|tt*:/||**Wttfc&©iMI*i:© 

gW&JN 5-25ppm *£fc©***&fc»*U^ 

rt>h©s 'J>BI. WJVII, *fctt, £'J 
!/«*Utt*©WMfc fcUfrlt, c*i&©B 
©»^;Ufc©««fl«=5F3Sttftll*4*»*L 

>Kyx**;Hl©llHft. a«©cwt*« 

*'Jx^.^;HBIl=«ffi«pSi:*aa64v6»ja**i 
4©!&tJ:l\ 

[0037] 

±tLt, ftSttitf , 

*/u»©=ffi©*T?*y;«ffl»ft^-;i/fe, 

2-4 fl©ft*Ji*t*L > xf l l/>y'J=l-;i/ 

80mol%©Xf-b>TU7^L/-S*i4^^t-,, 
::©#, 20mol%l4, i?*;U»K^li#ttte J: 

Sft. mi*. 7<5*>hfc«fctf S8*f8(m 
If, NIO© fc*»ttKI= 



1996-3-19 

polyester which you follow preferably * this invention does 
not include antimony, the catalytic of (Calculating as metal ) 
titanium 2-8 ppm v phosphoric acid, phosphorous acid 
and/or phosphonic acid or those derivative in catalytic in (It 
calculated as metal. ) manganese 50-90 ppm, phosphoric 
acid, phosphorous acid and/or phosphonic acid of inert 
complex morphological form or those derivative with inert 
complex morphological form part cobalt 20-40 ppm, and 
when itexists depending, includes fluorescent whitener 25 
ppm or less. 

[0036] 

90 - 99% of cobalt, phosphoric acid, phosphorous acid 
and/or phosphonic acid or with inert complex morphological 
form , that including the fluorescent whitener 5-25 ppm 
furthermore is desirable in catalytic of those derivative. 

inert complex includes ail complexing agent of public 
knowledge in order inactivation to dothese metal, to principle 
in catalytic of ester exchange catalyst, preferably, 
manganese and cobalt 

ester exchange catalyst, especially, phosphoric acid, 
polyphosphoric acid, of manganese and cobalt or,especiaIly, 
phosphorous acid or its derivative, especially, inert complex 
is desirable in catalytic of ester of these acid. 

structure of polyester chain, in addition, obvious thing, 
especially it isimportant vis-a-vis all of technically feature. 

Purely as for that, it is formed to fiber formation polyesters of 
public knowledge from theusual structural group is good to 
quantitative . 

[0037] 

If as for these, you rephrase mainly, at least 80 mol% include 
the unit which is induced from aromatic dicarboxylic acid and 
aliphatic diol . 

As for usual aromatic dicarboxylic acid unit, benzene 
dicarboxylic acid, especially,; as for usual diol, it possesses 
carbon atom 2 - 4 with bivalent group of terephthalic acid and 
isophthalic acid, ethyleneglycol,especially is suitable. 

improved polyester preferably, include ethylene 
terephthalate unit of 80 mol% at least. 

If this time, 20 mol% which remain are formed from 
dicarboxylic acid unit and the glycol unit, this functions and 
as so-called modifier it is a expert, controllingthis, influence 
and IS is possible to physical and chemical property of the 
product, for example filament and packaging material (for 
example beverage bottle ) which are produced from polyester. 
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*tzitmmv*i\>#>wi&s mat , ?;u* 

*i=i±. »*«ftso(w,ooot*t4>Kuyya 

[0038] 
[ft 4] 

ro o. 

X-C-OY-0— |VI > 



u 

J 



As for example of this kind of dicarboxylic acid,; as for 
example of diol group which improves performance, when 
with diols, for example propanediol of long chain or the 
compound of butanediol, with diol of di- or triethylene glycol, 
the trace it exists, it is a polyglycol which molecular weight 
approximately possessesSOO - 2,000 in isophthalic acid basis 
or aliphatic dicarboxylic acid group, for example glutaric 
acid s adipic acid and sebacic acid basis. 

[0038] 

As for desirable polyesters where in detail, you follow this 
invention, the polymer chain, Formula VI: 

[Chemical Formula 4] 



-e«#|l£«il&80~100mol%, a VII: 



[ft 53 
0 



— c-x 1 -o~ 



(VII) 



So structural group 80-1 00 mol%, and Formula VII: which 
are displayed 

[Chemical Formulas] 



-CSSft'SltiiS 20-0mol%^&»«**i* ± 
Ea+.X *< % 5-16 ®s *?£L<I4, 6-12 fl® 
ft*««**"**«M6 80mol%&±, 4-10 
»*L<tt.M fflflDflHRBHF 
tfiiBIS** 20mo\%UT-r:^J'X V* p- 

6-io ■»«aifllW3(rt-4^^07;u*>tL 

80mol%, fccfct/s4-16]I, »£L<l4s4~8fll0 

*r ;u * fc I* a -(c 2 H 4 -o) n -c 2 H4-( atsn i* , 
1-40 ©Sft-efcsj-ea*^** 20moi%mT 

T-fey, n 14, *?£L<I4, 20mol 0 /oKlTO^*lc 
ftl/t, 1 *fctt 2 T?fcy, n= 10-40 0SI4, » 

[0039] 



aromatic group 80 raol % or more* 4-10 which so is formed 
from structural group 20-0 mol% which is displayed, in the 
above Formula, X, 5 - 16, possesses carbon atom of 
preferably, 6-1 2 carbon atom, preferably* 6-8 with 
aliphatic group 20 mol % or less where has carbon atom; X 1 , 
with p- phenylene group ; Y, alkylene or polymethylene 
which possess carbon atom of 2 - 4 or cycloalkane or 
dimethylene cycloalkane group which possess 6 - 10 carbon 
atom at least 80 mol°/o, and, 4-16, straight or branched 
alkane di yl or formula where preferably, 4-8 has carbon 
atom -(C2H4-O ) <sub>n-C 2 H 4 - with group 20 mol % or less 
which is displayed with (In Formula, n is integer 1 - 40. ), as 
for the n, vis-a-vis content of preferably, 20 mol % or less, 
with 1 or 2 , Basis of n=10-40 is polyester which does not 
exist with only the content under preferably, 5 mol%. 



[0039] 

Especially as for desirable polyester where you follow this 
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90~100mol% ,m-7i-l/>S' 
0~7mol%, fccfctX>4~10 fl, Jf*L<l±, 6-8 41 
®«*JI***r**IBISlMt O~5mol%-Cifc 

y ; y *<s2~4 mommtttitZTfr*^ 

*L<l*#U>yb>*fctt 6-10 IflgtSSIS* 

7^*;>tS4>fc<fcti 90mol% s 4-16 
fl. ff*Utt, 4-8 fl®«*Jff?£lr*-£Bfl 

* fc i± # * 7 ;i/ * > ? <f ;u * fc i* se 

-(CjHrOJa-CjHi-CsCefs n I*. 1 £fctt 2 0»T? 
[0040] 

li, S£*. X p-7xnb>S 93~99mol%fcJ: 
[0041] 

C;fl&c7)J§£(::l±, iKUX^t^ l.OGOppm J2JL 



[0042] 

iJXXf JW* % fi»±, 5?*nn|»+ 25 deg C 
•e?Si]SLr,@^*filg(IV)0.600^.900 

[0043] 

a vn v«*ft«ia»t*»r«*y±XT 

;H4, 3* VI -ca**L6»iS* 7<M00mol%„ ft 
fc,85~l00mol%<!:,5£ VII "C^ftStliSK 
0~30mol%s 0~\5mol%b££titi>. 



[0044] 

8Omoi%O7K l Jx^Tr;utta)*/h»*<c*L&0 



invention, the p~ phenylene group 90-100 mol% s 
m-phenylene group 0-7 moI%* and 4 - 1 0, preferably ^ 6-8 
with aliphatic group 0-5 mol% where has carbon atom; Y, 
alkylene or polymethyiene which possess carbon atom of 2 - 4 
or cycloalkane or dimethyl ene cycloalkane group which 
possess 6-10 carbon atom at least 90 mol%* and, 4-16, 
straight chain or branch alkane di yl or formula where 
preferably * 4-8 has carbon atom -(C 2 H 4 -0 ) <sub>n-C2H 4 - is 
group 10 mol % or less which is displayed with (In Formula, 
n is quantity of 1 or 2. ), it is a polyester which consists of 
structure machine which is displayed with Formula IV, ' 



[0040] 

As for especially desirable polyesters where you follow this 
invention, in Formula, X, is p- phenylene group 93-99 mol% 
and m-phenylene group 1-7 mo!%, it is a polyester whichis 
formed with structural group which is displayed with Formula 
IV. 

[0041] 

Establishes extent where crosslinking of polyester is limited 
when itis suitable is many. 

In these cases, polyester includes above-mentioned 
crosslinked structure basis ofl,000 ppm or less, it is 
desirable . 

[0042] 

polyester which you follow this invention which is produced 
with melt condensation polymerization .measuring with 25 
deg C in for convenience and dichloroacetic acid, inherent 
viscosity (IV )has 0.600 - 0.900. 

[0043] 

polyester which contains structural group which is displayed 
with Formula VII,structural group 70-1 00 rnol% % which is 
displayed with Formula VI especially, 85- 100 mol% and 
structural group 0-30 mol°/cK which is displayed with 
Formula VII especially, contains 0- 15 mol% . 

[0044] 

aromatic group which is displayed with X, in context of 
thedefinition which is granted, may be alL same, or, these 
may differ. 

Especially, above-mentioned structural group which is 
displayed with the X which at least forms 80 mol% extent* 
polyester chain may exist; in polyester chain,individually, as 
blend to exist is possible. 

minimum amount of polyester chain of 80 mol% when from 
group of basiswhich is stated vis-a-vis these main component 
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c©*. a*u WJxa?jm©*&ft«a* 
l*.tt*U«\X l=*-3T***i4ffiE+* 
20molH©«ia»©**«C»LT<*44*lfc 
**©a:^*XH+T?ftfl>*a*l::J:oTfT 

[0045] 

jKLT.80 Sfi%©^tSS©fi'J^ll*,'(5!l 

tfcli. C*lP>l*, l,4-7i^.U>S:l,3- 
^i-^S©^^]* 95:5~99:K *fctt, 2,6-^ 

4:6-6:4 T^^T* <fcl\ 
95mol%©^ff]&£fc.fctf 5mol%JilT©J§ffi 

fcgTfc-Stf'.lxXT/k'ltl^X a<±T3?# 

[0046] 

80mol%SJ£, #<Jx;Vf;ufflt 

80moi%© #'J xxT^iBrol'Mb*:: ©£$ 
#C:*fLTfBS8Lfcg©S**& 1 Etfcl* 2 41 
©4H*KJ:oT©*ff2Jjlte;h.£ii£tfif£L 

=©B$. M*U^'Jx;*/f;b$©£P)fcSS!tS 
l±,*f*L<l±.Y ic.fcoT^ixS^S'r'S 
20mol%©1fjtS©^^l:l=«L-C#4$^; 
^g©3>x47.h*T?li©SitSl-J:orff 

;KLT, 80 lft%©IIW]iS©«/J^li, 0fl 
Vis ±X, ^{sS&X&iX&^hK 
li, Cfr&l*. 0«7Ltf.X^b>«:l,4-e?^b 
^-*/<?B*tt>&<D s E)\')£ 10:1-1:10 (Ccfco 

[0047] 

X t=*-3T***l4»*U*3f«S*l*. 1,4-7 
x=.Oyti£tf ],3-7xr.b>r*fe-5„ 



1996-3-19 

is formed with only solid of] or 2 it is desirable. 

In context of definition which is granted vis-a-vis maximum 
amount of structural group of 20 mol% where this time, 
further improvement of thedesirable polyester chain is 
displayed with preferably, X and exists it is done withother 
structural group . 

[0045] 

This way, minimum amount of aromatic group of 80 weight% 
is good even with the for example all, 1, 4- phenylene group , 
or or, these may be constituted, mole ratio 95:5~9 9:1, of 
for example 1, 4- phenylene group: 1, 3- phenylene group or, 
2and 6 -naphthylene group; biphenyI-4, 4&apos;-diyl group 
with mole ratio 4:6-6:4. . 

. Desirable polyester polyester, where X at least is aromatic 
group of95 moI% and aliphatic group of 5 mol % or less 
especially, is polyester where the X is all aromatic group. 

[0046] 

Is displayed with Y, in addition, in context of thedefmition 
which is granted, it is possible to be all, same, or,these may 
differ, group 

Especially, above-mentioned structural group which is 
displayed with the Y which at least forms 80 mol% extent, 
polyester chain may exist, in polyester chain,individually, as 
blend to exist is possible. 

minimum amount of polyester chain of 80 mol% when with 
only solid of 1 or 2 it is formed it is desirable from group of 
basis which isstated vis-a-vis this main component 

In context of definition which is granted vis-a-vis maximum 
amount of structural group of 20 moI% where this time, 
further improvement of thedesirable polyester chain is 
displayed with preferably, Y and exists it is done withother 
structural group . 

This way, minimum amount of aliphatic group of 80 weight% 
is good even with the for example all, ethylene group , or or, 
these may be constituted with mole ratio 10:1—1:10 of for 
example ethylene group:l, 4- dimethylene-cyclohexane 
group. 

polyester where Y is ethylene group of 95 mol% at 
least,especially is desirable. 

[0047] 

Desirable aromatic group where it is displayed with X is, 1 
and 4-phenylene and I and 3 -phenylene. 
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4,4" ft&i;iC v S6 VI: 

■0*0 



But, 1 and 4 «naphthylene s 1,5-naphthylenes 
1,8-naphthylene, 2,6-naphthylene and 2 and 7 -naphthylene* 
4, 4&apos;-biphenylene* furylene, and, Formula VI: 

[Chemical Formula 6] 



(VI) 



^y^Utih^s -so 2 -> -cock <k * 
fctt-s--eft4.]-e***i*itti,*fc.aaft 

[0048] 

X t cfeoTS^^SSSli. *fc, 1 
[0049] 

Y t J:?TS*ti« ftfifltitttl** (* 

[0050] 

vi -eft£hftffjUt*E*i/c. >K"jxxt^ 

[0051] 

Hi 



group which is displayed with [In Formula, Z is 
polymethylene or alkylene* -S0 2 -s -COCK -(X or -S- 
where itpossesses carbon atom 1 - 4. ], in addition, it is a 
suitable basis. 

[0048] ^ 

As for aromatic group which is displayed with X, in addition, 
it ispossible to possess substituent of 1 or 2. 

But, in this case, is substituted only content of aromatic group 
15 % or less whichexists to be desirable, especially, content of 
7% or less isdesirable. 

substituted aromatic group in each case of preferably * is 
only possesses substituent of 1 . 

Especially suitable substituent is alkoxy * chlorine and sulfo 
group which possess the carbon atom of alkyU 1~4 which 
possesses carbon atom 1-4. 

[0049] 

aromatic group, for example isophthalic acid basis which 
grants chain which forms aliphatic dicarboxylic acid and the 
angle is given, or or, from long chain structural group which 
is displayed with the group and Y which are induced from 
aromatic group which contains bulky aromatic nucleus s for 
example naphthalene nucleus, when especially, improvement 
of polyester is desirable, isinstalled in polyester. 

polyester which contains under these component 7% which 
possess improvementaction is desirable. 

[0050] 

In order to achieve special use property quality, combining 
structural group whereit combines unit (for example 
sulfo-isophthalic acid ) which contains for example sulfo 
group to po!yester,acquires affinity for basic dye, with that, is 
displayed with the above Formula VI, it is possible also to 
designate polyester as flame resistance. 

[0051] 

[Working Example(s)] 
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Working Example(s) 


la 



5kg, 5?y*/WV7*b-+ 0.25kg, x*b>? 
iJa-A> 6kg feJ:tfBliv>#>-4Ha03gpK>J 
xXT;U»*-ev>^> 68|ipm)£%ttU 

MOdegCfcMW"*. 

4 P#ratZ>MIC. SJSSS* 230 deg C |C±«F 

m*f$LMtlT<D HjPCfcli5g(165ppm)fcJ:tf 
H®a/W/h 1.27g(127ppm)(Co30ppm fcfflS) 
iMfi 230 deg C 1? % 10-15 

0.27gP7ppmXTB.6ppm.lC«a)*»AvC«)/< 
**««T 240 deg C -ea»L, $#MEC:L 

olvc, i Amcdmi^ *D$E£ 1.13 5<M-;u 

t«T4tt, *B*«)iB*li* 240 deg 

C ^6 270 degC|-±£t£« 

"31^*61= 30 #0ffllC % SJ££28O deg C 

PPS^IS 100ml + 25 degC t?l^LT, it 
fflftftft 0.83 S*«*T?, JK**«ittt*. 

fcs 0.83 iZiamt 4 280 deg C "C0* 



[0052] 

JSMiis *»u WBtt&*ft-clnxLT. 

ft 2~3mm ££*6*L^hit5o 

*<LT»6iifc7KUxXT^I4, BlT©#tt 
it: 



^ Kg, dimetnyj isopmnaiate u.zd Kg* etnyienegiycoi o Kg 
and manganese acetate * 4H 2 0<SB>3</SB> g (With 
polyester standard manganese 68 ppm ) it is filled, under 
nitrogen as agitationand inert gas, it heats blend to 140 deg C. 

Between 4 hours, it removes ethyleneglycoi of methanol and 
excess whichrising in 230 deg C, cision do reaction 
temperature. 

Next, melt reaction product is moved to condensation 
polymerization container, blend, with 230 deg C, 10-15 min 
is agitated H 3 PC>3l.65g as complexing agent (165 ppm ) 
andincluding cobalt acetate 1.27g (127 ppm ) (Suitable to Co 
30 ppm ). 

After that, this batch is agitated with 240 deg C under 
nitrogen including potassium titanyl oxalate 0.27g (27 ppm ) 
(Suitable to Ti3.6 ppm ), ethyleneglycoi is removed somewhat 
to vacuum. 

Next, between 1 hour, initial pressure decreasing to 1.13 
millibar, at thattime, temperature of melt from 240 deg C rises 
in 270 degC. 

Next, furthermore between 30 min, temperature rising in 280 
deg C, the sample of melt, with 25 deg C in dichloroacetic 
acid 100 ml solution of melt lg measuring,until it possesses 
ratio solution viscosity 0.83, it continues agitation. 

Separately from this, furthermore convenient, as for 
condensation polymerization, inaddition, melt viscosity with 
280 deg C which are suitable to solution viscosity 0.83 being 
preparatory experiment, when it is decided, it continues to 
fixed melt viscosity. 

[0052] 

It cools melt, processes with usual method, it makes pellet 
which possesses diameter 2 - 3 mm. 

As for polyester which it acquires in this way, property value: 
below 



*;i/7}?*^;US^ft[rnmolAcg]: 12 








carboxyl group content [mmol/kg ]: 12 








s?x9^>?yn-/ua>£*[%] 


0 




5 


content of diethylene glycol [%] 


0 




5 



3.09 



3.09 
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MST. 220 deg C -0 17 ftHlflfM'*. 
±B©«fc9K«SLfcitS* 1.014 t*t4* 

[0054] 

la (Cffi«LfeJ:5t,3pa'«tt3t^(* 
3t"C(*«ffl lb-10.±EMMtKDIIVZ 

ig 6 ft| [hOECHST AG 0) g ft ffi 
HOSTALUX KS)*fcttaa»J^>*XUX'Jh 

S?^'Ja-;i/0)*«l4, JaTflg 1 fecklXS 2 
icffiltttSo] 



[0055] 

&*x-&mtm%\ts BIT©**: 

P0 3 = S 'J > M ;P0 4 = U > S ;PPA= # U 'J V 
l$;PHM=PHM Mf/I/ 

HLX=S»»« HOSTALUX KS;Penta=^>^ 
SV=J:t:iteJ£ 

[COOH]A;u^*i/;U*4|S;lJ£dDEG=vX7, 
[0056] 

ppm / ^*Tj#&*l4#'JX* 
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It possesses. 
[0053] 

This way, with solid phase condensation, furthermore it can 
condense the polyester which is produced. 

Because of this, description above mixing entirety leniently, 
withusual method, under vacuum or nitrogen, 17 hours it 
heats the pellet which is produced, with 220 deg C. 

As description above polyester which possesses specific 
viscosity 1.014 which wasmeasured, is acquired this way. 

[0054] 

Working Example lb— 11 

As stated in Working Example la, fluorescent whitener where 
with discontinuous style (Working Example Ij — 1 1 ), or, 
(Working Example I b — li ),several times it repeats 
above-mentioned Working Example with style 
whichresembles under, continuous operation, harmony 
quantity of cobalt which isacquired, improves property and 
quantity of property and thequantity, and titanium catalyst of 
complexing agent, when depending, is marketed [registered 
trademark HOST ALUX KS) or crosslinking agent 
pentaerythritol) ofhOECH ST AG furthermore was added. It 
did condensation polymerization with melt, under various 
pressure and with various reaction time.time of condensation 
and temperature changed vis-a-vis solid phase condensation, 
composition and reaction condition of batch are modified, 
color number and state carboxylic acid group in specific 
viscosity* and polyester which arrive and content of the 
diglycol, in Table 1 and Table 2 below. ] 

[0055] 

As for code which is used with in the table, meaning below: 

KTi=potassium titanyl oxalate;Tiip=isopropyl titanate; Co 
(AcO ) <sub>2* 4H 2 0=cobalt acetate tetrahydrate 

P0 3 =phosphorous acid;P0 4 =phosphoric 
acidjPPA^poiyphosphoric acid; pH M^pH Mester 

Hlux=registered trademark HOST ALUX 
KS;Penta=pentaerythritol 

SV=specific viscosity 

It possesses concentration of [COOH ] carboxyl endgroup 
concentration; DEG=diester glycol. 

[0056] 

ppm data regards theoretical amount of polyester which is 
acquired with the all, batch. 

When compound in addition is metal compound (for example 
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■Silnlwli, it a^3<0mmt , ppm t— £i6Mb catalyst ), as for code of compound.ppm data displays 

n ^Oft^riSL., SfcJIfB , § , ;ti*#a.£>;h."Cl^i§ quantity of compound, when metal signal is given,ppm data 

o ppm -r— SSftl$^iyi<b n^fellc^- displays quantity of metal which is contained in the 

£ &h,-i>$feJS0>fi£f§'t',> compound which is added. 

[0057] [0057] 

[£1] [Table 1] 

. &i 

3A;n>^%.. ... .... mm zhbhmm. 





ft* 


I 


m 




£ 




It 


ft® 


ft 








(ppn) 




I titling 










1 fin ml 














m 












ID 


Ml 


£ ( 


10 \n\*J 1 


0*1 


0 


PO, 


150 








JC 


Kll 


97 
L ( 


L-0 \nW} 2 


u 


0 


P0a 


150 


flLUX 


10 




Id 


in 


27 


ft /1 -\ 

Co (Ac) 2 


127 


0 


PO. 


165 


mux 


10 




Je 


hi i 


a 


LO\n0/ 1 


12? 


0 


P0, 


165 


• Penta 


200 




JI 


hil 


>4 


PnfkA 
vO\J>W 2 


127 


0 


PO, 


165 










M I 


r J 




169 


. 0 


P0, 


, 189 








ID 


Ml 


£ J 


\,V\nCf 2 


127 


100 


PO, 


121 








1J 


0D2U3 










PO, 


121 








1 t 


nil 


43 


vw\nv/ 2 


135 


10 


P0, 


140 


Penta 


200 




tit 

IK 


ail 


27 




127 


100 


PO, 


121 








11 
1 J 


Sb,0 3 


390 








P0, 




















[Table 2] 


































ma 




SV 


[COOH] 


DBG 


m 




S? 


#? 








(Unol/kg-) (%)■ U 


al 


hi m 


m 






(nbar) 


(*) 












. m 


(V) 




lb 


i.l 




0.891 


11 


0.47 


65.76 


-1.19 


5.89 14 


220 


1.048 


lc 


0.9 




0.835 


15 


0.48 


66.57 


-0.62 


4.07 16 


220 


1.057 


Id 


0.8 




0.835 


13 


0.48 


64.95 


0.12 


0.98 18.5 


220 


1.019 


le 


1.1 




0.826 


10 


0.53 


67.30 


0.12 


0.77 • 14 


220 


1.032 


If 


1.6 




0.848 


12 


0.55 


66.19 


-0.94 


4.92 10.5 


220 


1.063 


18 


1.0 




0.840 


12 


0.50 


64.37 


0.27 


-0.11 16 


220 


1.000 


Ih 


1.3 




0.846 


17 


0.53 


66.28 


-0.03 


2.34 14 


220 


1.055 


li 


1.6 




0.829 


13 


0.55 


64.07 


-2.31 


7.27 9.25 


. 220 


1.038 


U 


O.S 


HI 


0.832 


15 


0.74 


62.75 


0.86 


2.65 12 


225 


1.048 


Ik 


0.8 


189 


0.853 


9 


0.72 


66.35 


-0.30 • 


•0.19 12 


220 


1.134 


11 


0.8 


184 


0.834 


11 


0.63 


64.64 


-2.51 


4.16 12 


225 


1.053 



Working Example 2 
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[0058] 

n^Mtm^ t\s?*)\s® 8.29kg, -f V 

o.i24kg v fc<fciKx^u>yu3-;u 
B*T,»fcft**Ert 3.2 /<-;i*TMft** 

A «C t » L > 81 $ fit M t L T O 
HjPQiOJ5g(32ppn0fe*t;i»a/<;Uh-4 7K?0 
ft 1.47g(135ppm)(Co32ppm (z4SS)^jDx.fco . 

0.49g(45ppm)(Ti6.1ppm KfflS)**!]*, 

oiS-e, iiw©nt.*DJiiiE*n3S'j/<-^ 

fcttTirtK *a>H, *«»«)jaftl*,240 deg 
C^b270 degCII±#^4. 

Oivp* 30 #<bf$i\Z, ABLi 280 deg C 
fc± JM*. »IMott*MK. JM* ig®2*2 

D DPK lOOmi ttft* 25 deg C T?* I6LT\ Jt 
0.83 IzftSS-C, flt$$8lft-Hb. 

[0059] 
ft 2~3mm 



Working Example below shows production of polyester with 
direct esterifi cation . 

[0058] - 

In esterification reactor, lerephthalic acid 8.29 kg, 
isophthalic acid OJ 24 kg, and ethyleneglycol 4.0 kg it is 
filled, in order under the nitrogen as agitation and inert gas, 
blend, under pressure 3.2 bar, for thewater which is removed 
to be removed, it heats. 

When removal of water ends, melt reaction product was 
moved to the condensation polymerization container, 
H 3 PO 3 0.35g as complexing agent (32 ppm ) and cobalt acetate 
* tetrahydrate 1.47g (135 ppm ) (Suitable to Co 32 ppm ) was 
added. 

After that, this batch is agitated with 240 deg C under 
nitrogen including potassium titanyl oxalate 0.49g (45 ppm ) 
(Suitable to Ti6.1 ppm ), ethyleneglycol is removed somewhat 
to vacuum. 

Next, between 1 hour, initial pressure decreasing to 1.13 
millibar, at thattime, temperature of melt from 240 deg C rises 
in 270 deg C. 

Next, furthermore between 30 min, temperature rising in 280 
deg C, the sample of melt, with 25 deg C in dichloroacetic 
acid 1 00 ml solution of melt 1 g measuring,until it becomes ■ 
ratio solution viscosity 0.83, it continues agitation. 

[0059] 

It cools melt, processes with usual method, it makes pellet 
which possesses diameter 2 - 3 mm. 

As for polyester which it acquires in this way, property value: 
below 



*;U**5/;U»«[mmoM«l: 13 










carboxyl group content [mmol/kg ]: 13 










9 


content of diethylene glycol [%] 


9 



1.5 

[0060] 

±#£S£Lfttf&, a*T*fcl*«ET, 220 



1.5 

It possesses. 
[0060] 

This way, with solid phase condensation, furthermore it can 
condense the polyester which is produced. 

Because of this, description above while mixing entirety 
leniently,under nitrogen or under vacuum, 9.5 hours it heats 
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±®0)*o\zm%Lt:ttm 1.087 ZGtZtf 

[0061] 

SAW*. *4KJl6*i*J:5JW«»«t«. 
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pellet whichis produced, with 220 deg C. 

As description above polyester which possesses specific 
viscosity 1.087 which wasmeasured, is acquired this way. 

[0061] 

Furthermore, under condition which you can understand from 
Table 3 and Table 4,it can produce polyester, with method 
which resembles. 

As for product, it possesses kind of feature which is seen in 
Table 4. 



[0062] 






[0062] 






»3] 






[Table 3] 












11 






mm 






i - m&M' 


m 






ft* ft 


m ■ £ 


(%) ft* ft 




ft 




(ppd) 


(ppd) 


fflflt (pph) 




(pp») 


2b- 


Sb t 0 a 298 




H,P0, 32 


Penta 


200 


2c 


KT1 45 


Co(Ac), 84. 


100 


Penta 


200 


2d 


KT1 45 


Co (Ac), 155 


25 H,P0, 32. 


Penta 


200 



[84] 



[Table 4] 
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SV 


[COOR] 


DEG 


m 




ft 






{nmol/kg) 


(%) 


L* a* 


' b* 




(Bbar) 












2b 


2.75 


0.812 


20 


1.51 


62.8 -1.8 


5.2 


2c 


4.7 


0.814 


21 


1.49 


63.6 0.5 


4.7 


2d 


2.35 ' 


0.823 


12 


1.35 


64.6 1.7 


0.9 



[01] 

Drawings 
I] 



[Brief Explanation of the Drawing(s)] 
[Figure 1] 

It is a graph which shows result of preparatory experiment 
which displays the viscosity which plot is done vis-a-vis ratio 
of complexing agent anti-cobalt compound. 

[Figure 1] 
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(57) [Abstract] 
[Objective] 

There is not a preferred haze in bottle, film etc for drawing 
and molding and it offers the method which produces 
transparent polyester. 

[Constitution] 

When polyester is produced from dicarboxylic acid 
component and glycol , youuse antimony compound which is 
displayed with below-mentioned Formula 1 as the 
condensation catalyst. 

Sb(S-R'-COOR 2 )<sub>3 1 

(R 1 shows organic group of divalent of carbon number 1~10, 
R 2 shows organic group of univalent of carbon number 
1-10. ) 

[Claim(s)] 
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Specification 
[0001] 

[0002] 

[ftfcCD&ffi] • 

Jts <b^ft$£tts 2Wttft£lc**iTfcy, 
*LT> PET 14, lUttlcttrU^JUlXttS? 

s**icj:y«it**ir^4. 

[0003] 

PET *«JSrS»ffl«li*fiIfi:©ftM«iLr 
I*, 7>9"E>fc**, f#lc = 8Hb7>^E>. 

LfrUftffe. 7>3^>fc£ft£S*a«l»£ 
©feHtfty , 7-f ;UAfcLTttJHLfci*lctt 

aat^fiTLfcy; ftfitt©»w*i=Ai+fcy 

1*l=7>^ Li E>fc^ft©ftffl**«lnLfc*^ 



1996-10-29 

[Claim 1] 

When polyester is produced from dicarboxylic acid 
component and glycol , youuse antimony compound which is 
displayed with below-mentioned Formula 1 as the 
condensation catalyst manufacturing methodo of polyester 
which is made feature 

Sb (S-R , -COOR 2 )<sub>3 1 

(R 1 shows organic group of divalent of carbon number 1-10, 
R 2 shows organic group of univalent of carbon number 
1-10.) 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

this invention is not a preferred haze in bottle, film or other 
production for drawing and molding and it issomething 
regarding method which produces transparent polyester. 

[0002] 
[Prior Art] 

polyethylene terephthalate (PET) is superior in mechanical 
strength* chemical stability, transparency , etc widely is 
used asvarious sheet, film, container etc. 

And, PET from terephthalic acid or dimethyl terephthalate 
and ethyleneglycol with the esterification, or ester exchange 
obtains bis (;be -hydroxyethyl ) terephthalate (low molecular 
weight polymer is included. ) in industrially isproduced this 
by method which condensation polymerization is done under 
high temperature, highly reduced pressure. 

[0003] 

When producing PET, antimony compound, especially 
antimony trioxide being inexpensive as catalyst of 
condensation polymerization, and because catalytic activity is 
superior, it ismost widely used. 

But, when antimony compound when it uses, as condensation 
catalyst it becomes color of ash color where polymer which is 
acquired blackens, when using, as film transparency 
decreases, using as fiber, whiteness decreases, becomes 
insufficient such as, quality of product decreases in vividness 
of dyed article. 

Especially when amount used of antimony compound it 
increases, because this mildew phenomena becomes 
considerable, catalyst amount must be held down, there was a 
problem. 
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[0004] 

*m*fc»£l::tt'<T"aE<a<5J:5ft7>«:> 



[0005] 
1*4. 

fl*BM$&IB 36- 10847 4 ft ft & If H 
39-6397 -tftffilCli Sbz 0 5 0J:5&2ffi07> 
^>ft^tt36M*4MB43- 15999 #ftSilCl4 
(C 6 H 5 ) 3 SbO Xtt(CH 3 ) 3 sb(0H) 2 ©cfc5&5ffl 
©WSlT^^fcd***. 46-3998 
&«Cf* C,,Ja±©MS**JU#:/lt07i'9 i 
*LT. #£83 53-1320 #&«fcli 



CMtf^^MbSfett. I*? JltM 
Sb 2 0 5 0!>J:3'fcS«fl!>7:>**>fc**ll*=lt 



*fc» atta>7>**:/tti*ltta©IBHSt 

tZo 

b 

[0006] 

[»ffltf»ifeLJ:?*f*ilHH] 

sttffiLx, <-r**<4<awtti=«*ifc»Kux 

[0007] 



[0004] 

dullness of color of polymer which is based on antimony 
compound is cancelled, in basic when reduction potential of 
antimony compound in condensation polymerization inside of 
system uses antimony trioxide comparing, if you should have 
used antimony compound which is difficult to bereduced in 
antimony compounds namely, condensation polymerization 
kind of system which becomes high. 

[0005] 

From this kind of background, antimony compound -based 
catalyst which does not cause dullness of color in polymer is 
proposed various. 

In for example Japan Examined Patent Publication Sho 36- 
10847 disclosure and same 39 - 6397 disclosure antimony 
compound of pentavalent like Sb 2 0 5 , in Japan Examined 
Patent Publication Sho 4 3- 15999 disclosure (C 6 H 5 ) <sub>3 
Sb O or (CH 3 ) <sub>3 Sb (OH ) organic antimony compound 
of the pentavalent <sub>2 way, in Japan Examined Patent 
Publication Sho 46-3998 disclosure antimony salt of aliphatic 
carboxylic acid above the C i2 , and, in Japan Examined Patent 
Publication Sho 5 3- 1320 disclosure the;al -hydroxy 
carboxylic acid or the;al and the;be -dicarboxylic acid among 
oxygen atom, annular antimony salt etc of compound which 
substitutes at least one with sulfur is shown. 

These antimony compound, in each case in order reduction to 
do dullness of color of the polymer, are effective, but as for 
antimony compound of pentavalent like Sb 2 0 5 cost is high in 
comparison with antimony trioxide. 

In addition, because as for antimony salt of aliphatic 
carboxylic acid above Cj 2 ,reducing effect of dullness of color 
in addition to being a unsatisfactory in comparison with 
antimony compound of pentavalent, condensation 
polymerization velocity is slow, it is necessary to use for large 
scale in comparison with antimony trioxide, as industrial 
catalyst it is notsomething which it should be satisfied. 

In addition, case of condensation polymerization ring opening 
it does antimony salt of the annular, this reacts with polymer 
and in order capped chain to do the end group, there was a 
problem that condensation polymerization velocity decreases, 

[0006] 

[Problems to be Solved by the Invention] 

It is something which this invention using antimony 
compound as condensation catalyst, trieswill not be a dullness 
of color and to offer method which produces polyester which 
is superior in transparency. 

[0007] 
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£ct£JittU#S&0J|::iiJilLfc. ' 

[0008] 

Sb(S-R'-COOR 2 ) 3 l 

(R 1 UBim 1-10 CD 2 fillic7)#$3££*UR 2 

ttftxft i~io 0 1 ffoftiiift^t.) 

[0009] 

«t* **wi=oi%T»«i=iiiwr«. 

[0010] 
[0011] 

?U=i-;k l, 4-^^5?*-;u, i, 3-?n;<> 
5fcf--Jk l, 6--n+-9->v^-;usi; 1, 
a^^^^-JUrtW^U^bfta. 

cftb£±ft*rU vx^b>-?'J=i-;k 
x^iy-;u a ox^b^t+vKttiati* fc'7. 

[0012] 

£fc* S$l£8$lc, x*TJHtfifcfc*l,M*x 



[Means to Solve the Problems] 

these inventors is not a dullness of color in order to solve 
above-mentioned problem result of diligent investigation, 
specific antimony compound as condensation catalyst by 
using, canacquire polyester which is superior in transparency 
to discover.it arrived in this invention. 

[0008] 

As for gist of namely, this invention, when polyester is 
produced from the dicarboxylic acid component and glycol , 
antimony compound which is displayed with 
thebelow-mentioned Formula 1 you use as condensation 
catalyst there is ajnanufacturing method of the polyester 
which is made feature. 

Sb(S-R'-COOR 2 )<sub>3 1 

(R 1 shows organic group of divalent of carbon number 1-10, 
R 2 shows organic group of univalent of carbon number 
1-10.) 

[0009] 

You explain in detail below, concerning this invention. 
[0010] 

It can use terephthalic acid or dimethyl terephthalate desirably 
as dicarboxylic acid componentwhich is used with this 
invention. 

It designates these as main component, it is possible to jointly 
use the isophthalic acid* phthalic anhydride* 
2,6-naphthalenedicarboxylic acid* 5-sodium sulfo isophthalic 
acid* adipic acid* succinic acid or other dicarboxylic acid 
and those lower alky) ester and p- hydroxybenzoic acid or 
other hydroxycarboxylic acid as copolymer component 

[0011] 

It can use ethyleneglycol* 1, 4- butanediol* 1, 3- 
propanediol* 1, 6-hexanedioI and 1 and 4 -cyclohexane 
dimethanol desirably as glycol which isused with this 
invention. 

It designates these as main component, it is possible to jointly 
use as copolymer component such as diethylene glycol and 
ethylene oxide adduct* xylylene glycol of ethylene oxide, 
adduct* bisphenol S of poly ethylene glycol* neopentyl 
glycol* bisphenol A. 



[0012] 

In addition, at time of condensation polymerization, 
stabilizer* lubricant* antioxidant or other additive like 
catalyst and phosphorus compound which are added at time of 
esterification reaction or ester exchange reaction having 
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[0013] 
10014] 

*HBJ(7)^I±. Sffi© PET (DM&X&m 

a. 



IXx JHbSJfcli 245-260 deg C O^&X'ft 
a©AW*L<s«ifS^ElSli 5hPa &lT<DM 
M&X. tK'JXXt /UroSl^-300 deg C 

S^l&g*< 300 degC£jeS.<&<h7K l J?-0> 

[0015] 

[0016] 
[fcl] 



coexisted,it does not become inconvenient. 
[0013] 

When copolymer component is added generally, condensation 
polymerization speed becomes slow but, with method of this 
invention, increasing addition quantity of antimony 
compound, because the dullness of color does not occur in 
polymer, increasing addition quantity of antimony . 
compoundjt increases reaction rate, it is possible , 
productivity can producealso copoiyester well. 

[0014] 

Executes method of this invention, according to . 
manufacturing method of conventional PET to be possible, 
esterification reaction doing for example terephthalic acid and 
ethyleneglycol , condensation polymerization doing the 
reaction product next, it does with method which it makes 
polyester of the predetermined intrinsic viscosity it is 
possible , 

As for esterification reaction it is desirable to do with 
temperature of 245 - 260 deg C, condensation polymerization 
with high vacuum of 5 hPa or less, doing with temperature of 
melting point-300 deg C of polyester is desirable. 

When condensation polymerization temperature exceeds 300 
deg C, because hue of polymer deteriorates,.it is not desirable. 

[0015] 

antimony atom has connected antimony compound which is 
used with this invention, with sulfur atom in mercapto 
carboxylic acid, it is necessary . 

Next kind of ones can be listed as concrete example of this 
antimony compound. 

[0016] 

[Chemical Formula 1] 
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Sb (S-CH 2 -CO0C e H 5 ), 

Sb (S-CH-COOCH 8 ) 8 
CH„ 

Sb (S-CH-COOC 2 H 8 )„ 
. CH 2 -C00C t H 5 

CH, 

I 

Sb (S-C-COOCH,), 
CH* 



C »H e 

Sb (S-C-COOCiHit). 
i 

C »He 



Sb (S~CH 2 -CH 2 -COOC 8 H 17 )> 



[0017] 
[0018] 



[0017] 

As description above it melts antimony compound, easily 
inside polymerization reaction system of polyester, but with 
insoluble , with room temperature hydrolysis is notreceived to 
water for most part. 

In addition, when in these antimony compound with liquid, 
throwing to reactor with ambient temperature, there are also 
some which do not have necessity tomelt in glycol etc. 

[0018] 

In addition, it can add antimony compound to time of option 
to condensation polymerization first stage, but, it adds 
immediately before condensation polymerization it 
isdesirable. 
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[0019] 

^/MSii/c 4 x io- 5 ~4x io- J ^;u©ASffl-c& 

*fc. 4 x io- 3 *)i&)&<mi*x<t. mm 

[0020]. 
[0021] 

Z*uf*» **wett«-r*7>9 i *>fc** 
tt, #'jxxxM>^©»»tt*«*^i:*fc.l=» 

Hlifc7>**:/*y*aSSfcl=<l*fls£#n? 

fc-sro-e, M6W=fei^T, <*-*©kb 

fca*'*B7>* : E>©*fttit'J>4:lt*:i&tiB 



[0022] 
[£ttM 



^^fc^ll^selJlcfcL^r7K , Jx7 > T>'^©^$tt^iltt 

«©*3l=LT3B3gL*:. 

(a) *nwj7-©aistt 

BBI= J:y <1-*©.W**-1~5 © 5 SPSlfflSLs 
l=J:oT*© 3 SPtT'llliLfc. 



[0019] 

Regarding to this invention, antimony compound is used in 
range of 4 X 10" 5 ~4 X 10°mole usually ,as number of moles of 
antimony atom for acid component 1 mole of starting 
material. 

When amount used of antimony compound is less than 4 X 
10' 5 mole, does condensation polymerization the sufficient 
catalytic activity is not acquired. 

In addition, using more than 4 X 1 0" 3 mole, because effect is 
saturated.there is not meaning in regard to utility. 

[0020] 

In addition, it is possible to jointly use other condensation 
catalyst, for example germanium oxide s tetrabutyl titanate 
etc in therange which does not impair effect of this invention. 

[0021] 

[Working Principle] 

As condensation catalyst has used antimony compound of 
polymer which is acquired inspite, shows transparency which 
is superior with method of this invention. 

As for this, as for antimony compound which is used with this 
invention, solubility to in polyester is high because it is a 
compound which is difficult to bereduced and also, in 
comparison with antimony trioxide , for sake ofprecipitation 
of metal antimony which becomes cause of dullness of color 
in the condensation polymerization process, is little it is 
recognized. 

[0022] 

[Working Example(s)] 

Next, listing execution example, you explain this invention 
concretely. 

property value of polyester measured furthermore, in Working • 
Example thefollowing way. 

transparency of (a ) molten polymer 

With panel member of 5 persons which are elected in random, 
it decided presence or absence of dullness of color with 5 
steps 1 - 5 with naked eye , with the point total evaluation did 
with next 3 stages. 



0(A») 




:20 &L± 








O.(Satisfactory) 


: 20 or greater 


A(*>*>A&):15a±20*ff 
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* (A little satisfactory): Under of 1 5 or greater 20 


X 












X (deficiency ) 


: 15 under 


(b) 




-X 










(b ) plate 





3fU-Hctttt«#LT(J*»S* 285 degC), 
ft" MODEL I001DP V&9ltz(22.ttl:*—X 



(C) ARttACfl] 

»»iUT, SJS 20.0 deg C -CHgLfc. 
(d) fel 

fiHottfctt. n>*-© Lab Sfctf-effo 
S<Dfeffi(+Ii^!#, -lifME)* b RttlMHRO 

[0023] 

H»J l 

e^(i8-tKP+vX^;U)xU7^b-KBHET) 

(EG)t<Z)*/Ht 1/1.6 ©^'j-sattwic* 

*&U fl& 250 deg C, 49hPaG, ittlAID 

cfflxxfjMb^rt* 60kg iEfcSdtta 
H^O^I/ftil/C 4xl0' 4: E;UO7>5 1; E>l- 

UX(t>fji,ft^'Ja7-h)$ttiis Sft 



injection molding doing in plate, (molding temperature 285 
deg C ), evaluation it did clarity of the plate with turbidity 
meter model 1001DP of Nippon Denshoku Kogyo K.K. (DB 
69-244-3708 ) supplied, (air: haze 0% ). 

(When value of plate haze is small, with transparent , it made 
under lOpassing. ) 

(c ) intrinsic viscosity [;et] 

With equal weight blend of phenol and tetrachloroethane as 
solvent, it measuredwith temperature 20.0 deg C. 

(d ) color 

It measured making use of color difference meter ND 
Model :si 80 of Nippon Denshoku Kogyo K.K. (DB 
69-244-3708) supplied. 

It decided color, with Labsurface color meter of Hunter. 



As for L value lightness (Extent whose value is large it is 
bright. ), as for a value red -green hue of system (As for + as 
for redness s - greenishness ), as for b value hue (As for + as 
for yellowing* - blueness ) of yeilow-blue type isdisplayed. 

When L value is large as color of polymer, if extent where a 
value is close to 0, in addition it does not become 
extremelysmall when b value is small, it is satisfactory. 

[0023] 

Working Example 1 

bis (;be -hydroxyethyl ) terephthalate (BHET ) and in 
esterifi cation reaction can. where its low molecular weight 
polymer exists, the terephthalic acid (TPA ) with 
ethyleneglycol (EG ) with it supplied slurry of mole ratio 
1/1.6 to continuous, reacted with condition of temperature 250 
deg Cs pressure 49 hPaG* residence time 8-hour, acquired 
esterification product of average degree of polymerization 7 
in continuous. 

This esterification product 60 kg was inserted in reactor , 2 
hours condensation polymerization were done with 
temperature 280 deg C\ pressure 0.9 hPa including antimony 
tris (octyl thio glycolate ) of 4 X 10" 4 mole as number of moles 
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280 deg C, mt> 0.9hPa-e2 $HSttd&&£ 
fiotz. 



tfcs ffl&Jg 0.76dl/g, L <S 69.0 S a fit+Q.5 % 
b M+7.0 s Zf 'U— h<N-X 2.4%T*fcofc. 

[0024] 

HifcflJ 2-7 &tftttt0! 1-3 



[0025] 

TT^.ekg, BHET 8.0kg, 1, 4-*>?0<n*-9-> 
S >*$J— )l> 23.1kg, EG 2.5kg &i;tf7.7xy- 
s ©x^u^iH^Kfl-io^ 6.8kg £X7.t 
;HtE*f5lCtta^, aft 260 degCT?4B$RI) 

fcflk. ftMIt LTBIJft » 1 *;H=#t*T>^E 
©^l/ftiLT 4 x 10- 4; E;KZ)7>^ : E> 

280 deg CU E* 0.9hPa T?3 ftM2ttft££$ 



[0026] 
Ml] 



1996-10-29 

of antimony atom for the acid component 1 mole as catalyst. 

As for polymer which it acquires transparency when melting 
beingsatisfactory, as for dullness of color which blackens it 
was not recognized. 

In addition, intrinsic viscosity 0.76 dl/g s L value 69.0 s a 
value+0.5 , b value + 7,0, it was a plate haze 2.4%. 

[0024] 

Working Example 2-7 and Comparative Example 1-3 

types of antimony compound and other than changing its 
addition quantity, polyester was produced to similar to 
Working Example 1. 

property value of polymer which it acquires is shown in Table 
1. 

[0025] 

Working Example 8 

ethylene oxide adduct 6.8 kg of TP A 26.6 kg* BHET 8.0 kg, 
1, 4- cyclohexane dimethanol 23.1 kg* EG 2.5 kg and 
bisphenol S was inserted in esterification reaction can, 4 hours 
esterifi cation reaction were done with temperature 260 deg C, 
3 hours condensation polymerization were done with 
temperature 280 deg C N pressure 0.9 hPa including antimony 
tris (octyl thio glycolate ) of 4 X lO^mole as number of moles 
of antimony atom for the acid component 1 mole liquid 
transport after doing, as catalyst in polycondensation reactor. 

property value of polymer which it acquires is shown in Table 
1. 

[0026] 
[Table 1] 
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(dVa) 




Ltt 




bit 


<%) 




1 


Bb(S-CHrCPOC»HiT)« 


40 


0.76 


0 


69.0 


+0.5 


+7.0 


2.4 




2 


Sb(S-CH a -CQOC 8 H 17 ) a 


ao 


0.70 


o 


68.3 


+0.3 


+&2 


43 


IS 


3 


Sb(S-CH,-CDOCBH, T )« 




a 81 


o 


68.8 


+06 


+7.5 


19 




4 


sb(s-anaocH 3 ) 8 
i 

CHe 


40 


0.77 


0 


68.9 


+0.7 


+7.1 


a3 


m 


5 


i 

Sb(S-C-CO0CH B ) a 
1 

CHe 


40 


0.74 


o 


67.5 


+0.1 


+a5 


5.9 


m 


6 


Sb(H3H3»C 9 H 6 ). 
1 

CO0C 3 R 3 


40 


a 74 


0 


69.2 


+04 


+a6 


2.7 




7' 


Bb(S-CsH«-CO0CeHtT>8 


40 


0.73 


0 


66.3 


+0.4 


+5.8 


7.6 




8 


Sb(S-CH a -CDDC 9 H I7 ) s 


40 


0.60 


o 


68.3 


-03 


+49 


47 


J* 


1 


SbaOa 


2.0 


0.74 


A' 


58.3 


-0.3 


+5.2 


19.7 


ft 


2 


SbsOa 


40 


0.80 


X 


55.2 


+0.1 


+ao 


2a5 


m 


3 


(Di s CO0) 8 Sb 


40 


0.75 


X 


55.4 


-04 


+8.2 


23.4 



[0027] 

*fc, a»£Eg^7>«>fc£*tf £M7 



[0027] 

[Effects of the Invention] 

According to this invention, polyester which possesses 
transparency which issuperior is produced becomes possible. 

In addition, quantity where antimony compound is reduced to 
metal antimony with condensation polymerization process 
decreases, because antimony compound concentration with 
respect to substancebecomes high, productivity improves 
largely. 

Furthermore, because there is not a dullness of color of 
polymer, also beingpossible to make amount of catalyst used 
many, productivity be able to improve rapidly,also operation 
is satisfactory, polymer which is acquired is usedfor ideal as 
molded article and one for film where transparency isneeded. 
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(57) [Abstract] 

[Problems to be Solved by the Invention] 

When molding it does in biaxially drawn film and fiber, 
abrasion resistance which issuperior is shown, when it uses 
for support of especially magnetic tape,poiyester composition 
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which shows abrasion resistance, durability which is 
superior is obtained. 

[Means to Solve the Problems] 

Jointly using aluminum oxide particle of two kinds or more 
where crystal structure differs, adding phosphorus compound 
and ammonia or lower amine compound and wet type 
dispersing doing it dispersesin polyester satisfactorily, film or 
fiber and other molded article which are superior in abrasion 
resistance it is obtained it obtains the polyester composition 
which is suited. 



[Claim(s)] 
[Claim 1] 

aromatic dicarboxylic acid is designated as main acid 
component, when polyester whichdesignates aliphatic glycol 
as main glycol component is produced, until polymerization 
reaction itcompletes, aluminum oxide particle above at least 
two kinds where crystal structure differs in the time point of 
option under existing of solvent, Adding phosphorus 
compound and ammonia or lower amine compound, it adds 
slurry which wet type dispersing is done manufacturing 
methodo of polyester composition which is madefeature 

[Claim 2] 

aluminum oxide particle thejal -type * the;ga-type s is 2 
kinds or more which are chosen fromgroup which consists of 
the;de -type* and the;th type and the manufacturing 
methodo of polyester composition which is stated in Claim 1 
which is madefeature 

[Claim 3] 

aluminum oxide particle is 2 kinds or more which are chosen 
from the;de -type and the;th type and manufacturing methodo 
of polyester composition which is stated in Claim 2 which is 
madefeature 

[Claim 4] 

specific surface area is 50 - 300 m 2 /g with BET method of 
aluminum oxide particle and manufacturing methodo of 
polyester composition which is stated in any of Claim 1~3 
which is made feature 

[Claim 5] 

total pore volume is 0.2 - 1.5 ml/g with BET method of 
aluminum oxide particle and manufacturing methodo of 
polyester composition which is stated in any of Claim 1-4 
which is made feature 

[Claim 6] 
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HSKckiSWtf 60%ia±T?fc4cfcSttft 
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Specification 
[0001] 

**&©** y, *6lcPL<l*iMb7^5^^ 

Lfc7Kijxxx^naja*s«jfit4*3Si=i»t 

[0002] 

[^©atff] 

So 

[0003] 

Ulc^glttt^ttyUa-iU^TKUx^T^t 

fc*tt4i©rafcft?fcy,*fc#-fh\ n£® 
Hftif ©lBB4**i;. w^ak^-ci*, a 

7-rvi/a7-f»©*jfl[©HHi:fty, 
!4,KP^7^h* S/N tt©ttT*3l#iBCL 

fey, B«ttttt*6a^fciaii^*ofe. 



void fraction is 60% or more with mercury and helium 
substitution method of aluminum oxide particle and 
manufacturing method 0 of polyester composition which is 
stated in any of Claim 1-5 which is made feature 

[Claim 7] 

phosphorus compound and ammonia or lower amine 
compound in slurry, manufacturing method 0 of the polyester 
composition which is stated in any of Claim 1t6 which forms 
quaternary ammonium— phosphate or tertiary amine — 
phosphate and makes feature 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

Being something regarding manufacturing method of 
polyester composition, furthermore detailsunder specific 
condition dispersing aluminum oxide particle well, it 
combines the this invention, with state which it disperses in 
polyester satisfactorily,film or fiber which is superior in 
abrasion resistance it is obtainedit regards method which 
produces polyester composition which is suited. 

[0002] 

[Prior Art] 

Generally polyester, for example polyethylene terephthalate 
has had dynamic property which is superior, is usedwidely as 
film, fiber or other molded article. 

[0003] 

Usually, as for said polyester, with objective which grants 
slipperiness to molded article containing calcium carbonate, 
silica, alumina or other inactive particle in polyester, method 
which grants unevenness to surface of molded article is done. 

There is a various, as this kind of inactive particle, but there is 
a deficiency that the inactive particle becomes insufficient 
generally in affinity of glycol and the polyester, in slurry and 
coheres when producing polyester, it is known. 

When cohesion coarse particle exists in polymer, it becomes 
cause of yarn break at time of yarn-spinning, there was a 
problem that in additionguide and spinneret worn or other 
problem occur, become cause of coarse protuberance, 
fisheye or other deficiency regarding film, when it applies to 
especially for magnetic tape film, causedecrease of dropout 
and S/N ratio, are inferior to abrasion resistance. 



Page 4 Paterra Instant MT Machine Translation 



JP1997040850A 



1997-2-10 



[0004] 

± + 4*tt4*a***iTl**(*HIH 
53-114894 ##$B> ttMB 53-124098 #4ML 
ttMlB 53-125495 



[0005] 
[0006] 

45-32150 #&GL *fr4MH 45-32151 »&flL f# 

nn 51-68695 ttura 54-131694 

18, ftlM 5345396 ft HQ 56-88426 

63-221158 #4fc*U< 

63-280763 



[0007] 

(ftBfllB 63-312345 MIM 62-235353 

6-72180 ^^S). 



[0008] 



[0004] 

From until recently, in order that these problem are solved, 
dispersion efficiency at time of slurry preparation is 
increased, method which improves hasbeen proposed 
dispersibility of slurry, (Japan Unexamined Patent Publication 
Showa 5 3- 1 14894 disclosure, Japan Unexamined Patent 
Publication Showa 5 3- 124098 disclosure, Japan 
Unexamined Patent Publication Showa 5 3- 125495 
disclosure etc). 

[0005] 

But, with these method, from problem of affinity of 
dispersion medium and inorganic compound particle which 
are used reaggregation it did in slurry and in the polymer, 
formation of coarse particle is controled was not fully . 

[0006] 

On one hand, surface treatment agent is used, method which 
assures dispersibility improvement in ethylene glycol slurry 
of inorganic particle and in polymer is proposed,(Japan 
Examined Patent Publication Sho 45-32150 disclosure, 
Japan Examined Patent Publication Sho 45-3215 1 disclosure* 
Japan Unexamined Patent Publication Showa 5 1- 68695 
disclosure, Japan Unexamined Patent Publication Showa 5 ■ 
4-1 31 694 disclosure, Japan Unexamined Patent 
- Publication Showa 5 3- 45396 disclosure, Japan 
Unexamined Patent Publication Showa 56-88426 disclosure, 
Japan Unexamined Patent Publication Showa 6 3- 221 158 
disclosure, Japan Unexamined Patent Publication Showa 6 
3- 280763 disclosure ). 

[0007] 

But, with these method, at time of polymerization reaction, 
reaggregation of the particle in midst of decrease of polymer 
quality, formation and polymer of foreign matter occurs with 
deterioration of surface treatment agent and sufficient effectis 
not always acquired. 

. Furthermore, at time of polymerization reaction, . . 
reaggregation of decrease and the particle of polymer quality 
is prevented with deterioration of surface treatment agent, the 
method which assures dispersibility in polymer is proposed, 
(Japan Unexamined Patent Publication Showa 6 3-31 2345 
disclosure, Japan Unexamined Patent Publication Showa 6 
2- 235353 disclosure, Japan Examined Patent Publication 
Hei 6-72180 disclosure ). 

[0008] 

But, with this kind of known method doing like magnetic tape 
it repeats and it isrubbed is used it is kind of when, originating 
in dispersibility deficiency of the particle, it causes flaking of . 
particle. 
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On one hand, scalp of film is reinforced and uses special 
particle in order to prevent flaking of particle to be proposed, 
theeffect aluminum oxide particle for abrasion resistance is 
large even among them, , the Japan Unexamined Patent 
Publication Hei 2- 129230 disclosure (delta type aluminum 
oxide particle ), it is proposed with Japan Unexamined Patent 
Publication Hei 2- 38444 disclosure (aluminum oxide 
particle ) etc. 

But, with these method which were inscribed dispersibility of 
aluminum oxide particle being insufficient , as abrasion 
resistance of fiinu fiber or other molded article as result, 
sufficient oneswere not acquired yet. 

In addition, method which wet type dispersing does aluminum 
oxide particle of two kinds or more to Japan Unexamined 
Patent Publication Hei 4- 88016 disclosure is proposed, but 
with mixing condition , cohesion to be easy tohappen as for. 
dispersibility of said aluminum oxide particle became 
insufficient partly due tofact that particle characteristic 
differs, either abrasion resistance of filnu fiber or other 
molded article was not fully as result. 

[0009] 

[Problems to be Solved by the Invention] 

As for objective of this invention, before there are times when 
deficiency of Prior Art which was inscribed is cancelled, they 
cancel problem of peculiar reaggregation which it occurs 
occasion where aluminum oxide particle ofespecially 2 kinds 
or more is used specific dispersion condition is applied with, 
they combine with state which is dispersed in polyester 
satisfactorily, film or fiber which is superior in abrasion 
resistance is obtained aretimes when polyester composition 
which is suited is obtained. 

[0010] 

[Means to Solve the Problems] 

When before objective of this invention which was inscribed 
designates the aromatic dicarboxy lie acid as main acid 
component, produces polyester which designates aliphatic 
glycol as main glycol component, until polymerization 
reaction it completes, aluminum oxide particle above the at 
least two kinds where crystal structure differs in time point of 
option under existingof solvent, Adding phosphorus 
compound and ammonia or lower amine compound, it adds 
slurry which wet type dispersing it does it can achieve with 
manufacturing method of thermoplastic polyester composition 
which it makes feature. 

[0011] 

[Embodiment of the Invention] 
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[0012] 
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HJ&rtZfcAtRTB-efc*. 
[0013] 

c©*9ftBft7;i/S-^Att*»©+-e*ar 
a. rffl. ea,ftif©sttaft7;us- 

^Att^6ttlfc«J6©a<i:4-a«Bl±© 
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[0014] 
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aluminum oxide particle of 2 kinds or more in this invention 
the;al which is well known fromuntil recently -type aluminum 
oxide particle* the;ga-type, the;de-type, tlie;et 
-type, ;th type, ;ka type, is something which is chosen from 
the;ch type or other activity aluminum oxide particle, and 
aluminum oxide particle of amorphous. 

various methods being public knowledge , blowing 
hydrogen, oxygen in for example aluminum chloride in 
regard to synthetic method, when hydrolysis it does in gas 
phase, the;de -type aluminum oxide, blowing water vapor 
similarly in aluminum chloride, when hydrolysis it does in gas 
phase,amorphous aluminum oxide, with thermal 
decomposition of alum, when the;ga -type aluminum oxide, 
after carbonate neutralizing thermal decomposition does 
alum, can do the;th type aluminum oxide. 

In addition, with method which is called conventional Bayer 
process, the;al -type aluminum oxide forms, in decision of 
this kind of crystal structure, is influenced at selectionand 
sintering temperature, time of these synthetic method 
mainly. 

[0012] 

Furthermore, identification it does crystal structure of this 
kind of various aluminum oxide particle, with conventional 
x-ray diffraction analysis , it is possible . 

[0013] 

When the;al -type, the;ga-type, the;de-type, aluminum 
oxide particle of two kinds or more where crystal structure 
differs from the;th type , or other activity aluminum oxide 
particle is selected even in thiskind of aluminum oxide 
particle cluster, because reaggregation of especially particle is 
easy tooccur, effect is large with dispersing method of this 
invention. 

Combination is option, but for example ;de -type and 
the;ga-type, the;de -type and the;th type, ;ga -type and 
the;th type, ;al-type and it is the;de -type and a;th type etc. 

[0014] 

As for primary particle which forms secondary particle of 
aluminum oxide, with BET method specific surface area those 
of 10 m 2 /g or more is desirable in point of abrasion resistance 
of film or fiber, furthermore, 50 m 2 /g or more* 300m 2 ig or 
less are desirable. 

This kind of microscopic particle is easy to cohere very, 
generally slurry and the secondary particle which coheres in 
polymer forms. 

When this kind of cohesion advances, case where it uses for 
the film or fiber with extent to become coarse, large particle, 
at time ofcontact running portion being shaved, there is a 
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tendency which is easyto become deficiency that flaking is 
done, it can prevent cohesion,but with this invention . 

[0015] 

Furthermore, as for aluminum oxide particle with BET 
method total pore volume those of 0.2 -1.5 ml/g is desirable in 
point of abrasion resistance of film or the fiber, furthermore, 
void fraction is 60% or more with mercury and the helium 
substitution method , is desirable . 

When as for this reason, capillary exists in aluminum oxide, 
empty gap exists, because affinity of polyester becomes good, 
cohesion between particle to happen is thought as for sake of 
it becomesdifficult. 

[0016] 

With this invention, aluminum oxide particle above at least 
two kinds where crystal structure differs,under existing of 
solvent, adding phosphorus compound and ammonia or the 
lower amine compound, wet type dispersing it is done. 

Now, uniform dispersion of particle cohering, being possible, 
assuming that secondary particle was formed, secondary 
particle diameter very with fine , becomes state which is 
dispersed well without either coarse agglomerate. 

Furthermore, secondary particle diameter referred to here case 
where particle lOOOis observed with transmission electron 
microscope it is a circular suitable average diameter. 

[0017] 

In this case respective aluminum oxide particle 10 parts by 
weight or more N furthermore is 20 parts by weight or more 
inall aluminum oxide particle 100 parts by weight as 
proportion of aluminum oxide particle, it is desirable . 

When proportion of each aluminum oxide particle is not full 
on description above,dispersion of aluminum oxide particle 
becomes insufficient, coheres in slurry and polymer, becomes 
cause of decrease and coarse particle formation of the process 
passing and is not desirable. 

[0018] 

phosphorus compound and as for addition quantity for 
ammonia or lower amine compound aluminum oxide 
particle 5 0.5 - 10 wt% are desirable respectively, furthermore, 
1 - 5 wt% are desirable. 

In addition, when under existing of solvent wet type 
dispersing doing, inorder for viscosity of slurry not to become 
too high, in order tomake suitable viscosity, 1 - 50 wt% are 
desirable as all concentration of aluminum oxide 
paiticle,furthermore, 3-30 wt% are desirable. 
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In this case there is not especially limitation as solvent. After 
that when it adds to polyester you think , main raw material 
and copolymer component or other glycol component of said 
polyester are desirable. 

Concretely, you can list ethyieneglyco! s tetramethylene 
glycoU hexamethylene glycol, diethylene glycol and the 
propylene glycols butanedioK neopentyi glycol* 
polyoxyalkylene glycols p- xylylene glycols 1, 4- 
cyclohexane dimethanoL 5-sodium sulfo resorcinol etc. 



In this case you can list conventional agitations ultrasonic 
treatment and dispersing etc of medium type as dispersing, 
even among them, dispersing of medium type which 
isrepresented in sand grinder etc dispersion efficiency is 
desirable well. 

[0019] 

This way when aluminum oxide particle of two kinds or more 
where crystal structure differs isjointly used, when wet type 
dispersing it does under existing of solvent,making use of 
phosphorus compound and ammonia or lower amine 
compound because very the dispersibility becomes good, 
secondary particle diameter, to set to option according to the 
objective of molded article from polyester composition, it can 
control 

polyester composition case where it uses for film or fiber, 
when itis left over and is too large because coarse, large 
protuberance occurs in molded article,secondary particle 
diameter 5.0;mu m or less is desirable, 3.0;mu m or less are 
more desirable. 

In addition, they are 0.01;mu m or greater, it is desirable in 
theaspect of running property improvement of product 

Also addition quantity is decided in similar reason. 

namely, polyester composition case where it uses for film or 
fiber, when the addition quantity is many excessively, coarse, 
large protuberance occurs in molded article and/or 
whenbecause workability decreases, in addition addition 
quantity is too littlebecause sufficient abrasion resistance is 
not acquired, as total added quantity of aluminum oxide 
particle, 0.01 -30 parts by weight are desirable vis-a-vis 
polyester 100 parts by weight, Furthermore 0.05 - 20 parts by 
weight are desirable. 

[0020] 

With this invention, it can use phosphorus compound and 
ammonia or lower amine compound as the dispersant 

As phosphorus compound, phosphoric acid s phosphorous 
acids phosphonic acid and these partial ester compound are 
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7^=7X14, fi«k75>ft**tLTI*. - 
JRA Ri R2R3N XttR, ^RjRjNXCjfccf 3 Ri ~Ri 
H\**lSXtt C5 BlTfl)«»7Jb+iHt*X 

*i5 M «k75>fc#*4«flSffl**i, JU*ttK 
l±, 7>^7s >^;ux^ji/75>s hUx^;i/ 

So 

f»lCff*U^75>ft**iLri*, * 3 $575 

>, *4«7> i E^Aft*«re*y, 

l*HJx*JU75>, f h i 7X^;i/7> : Ex^A/> 
7JU*JU»©ft***< 6 BLtCfeifcl** 



U>ft*fti:7> s E=7**:l±{6«75>&A 
feftSMi* *5y-M*fcH*fcXtt:HI» 

7>*-^Afc£tt*£Jfc*1*T7 i r^x*Jl, 
7>*-$Ay>BttfcLT*to-r4*tt4.ff 

ff*U*y>fc£*/7>^7*fcl47S:/fc 
^fl^Wtli 5/1-1/5 "C*y.«ky»*L<tt 
2/1-1/4, §*ff£L<!i 1/1-1/3 T?fe3o 
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desirable, concretely, canlist phosphoric acid, phosphorous 
acid, monoethyl phosphate ester, methyl ethyl phosphate 
ester, methylphosphonic acid, phenyl phosphonic acid etc. 

Even among them phosphoric acid, phosphorous acid, 
acidic phosphate ester it is desirable in point where handling 
is easy. 

Of course jointly using 2 kinds or more of these phosphorus 
compound, you are not concerned. 

As ammonia or lower amine compound, 1 - quaternary amine 
compound which is shown with General Formula Rj R2R3 N 
or Rj R 2 R 3 R4 NX (As for Ri -1*4 in Formula, as for lower 
alkyl group, X of hydrogen group or the C5 or less hydroxy 
group, halogen or other counterion is shown. ) is used, 
concretely, can list ammonia, methylethyi amine and the 
triethylamine, tetraethyl ammonium hydroxide, dimethyl 
propyl amine etc. 

Especially with tertiary amine* quaternary ammonium 
compound , it is a triethylamine* tetraethyl ammonium 
hydroxide concretely as desirable amine compound. 

When carbon number of alkyl group is 6 or greater, when 
polymerizing thecoloration or other problem of polymer 
occurs and is not desirable. 

phosphorus compound and or adding separately 
simultaneously at time of the slurry preparation, you are not 
concerned ammonia or lower amine compound addition, 
itadds as tetraethyl ammonium phosphate also method where 
and, it mixes in advance in the suitable solvent, or beforehand 
phosphorus compound and quaternary ammonium compound 
reacts and is ideal. 

mole ratio of desirable phosphorus compound/ammonia or 
amine compound with 5/1 - 1/5, is more preferably 2/1-1/4, 
most preferably 1/1-1/3. 

When mole ratio is designated as above-mentioned range, 
dispersive effect isacquired fully , effect of reaggregation 
prevention in polymer is high. 

In addition, as for addition quantity when reacted compound 
is added, when it makesO.5 - 5 wt%, dispersive effect is 
acquired fully in same way, effectof reaggregation prevention 
in polymer is high. 

[0021] 

When adding said slurry to polymerization reaction system of 
polyester, until polymerization reaction of polyester it 
completes as addition time, it is a time of option between, but 
from before transesterification between to before start of 
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Its *{*Wlwli-f <<V7*m. + 

LXlt. %$mz\tx?-l>>>ft)zi-)\, y *}xf- 

^6ft*JK'Jx^ufctt, ftftWldi?K'jx 
h #'Ji?UV-2>*:7$b-hfc£Wlf bft 

fia/ctt. 7i?t?>it 7*;HU 
ntru>7'Ja-;k ya-^, 

[0023] 

c©«fc?4*jK'JxxT;K7)S^StLri± o-<7 p 

LT[7?]#0.30 JSUbj6<»*U\i 
Tit 20eq/t~100eq/t t)W£Ll\ 

[0024] 

[JWM 

BlTt**«*#lfT*«9l*IWBI=»W"i- 
5. 



1997-2-10 

pressure reduction of the condensation polymerization is. 
desirable in point of particle dispersability. 

[0022] 

Concretely terephthalic acid, isophthalic acid, 
naphthalene-2,6-dicarboxylic acids 5-sodium sulfo isophtlialic 
acid etc and you can list these ester-forming derivative as 
aromatic dicarboxyiic acid component in this invention. 

On one hand, concretely ethyleneglycol, diethylene glycol, 
propylene glycol, butanediol, tetramethylene glycol, 
hexamethylene glycol and the neopentyl glycol, 
poiyoxyalkylene glycol etc and you can list these 
ester-forming derivative as aliphatic glycol component in this 
invention. 

These aromatic dicarboxyiic acid and polyester which 
consists of aliphatic glycol, you can list polyethylene 
terephthalate, polybutylene terephthalate, 
polyethylene-2,6«naphthaIate etc concretely. 

Furthermore, if said polyester and is trace with 
homopolyester , it is goodwith copolyester which includes 
copolymer component, in this case adipic acid* sebacic 
.acid, phthalic acid, isophthalic acid, 
naphthalene-2,6-dicarboxylic acid, 5-sodium sulfo isophthalic 
acid or other dicarboxyiic acid component, trimellitic acid s 
pyromellitic acid or other polybasic carboxylic acid 
component, and tetramethylene glycol, hexamethylene 
glycol and diethylene glycol, it can list propylene glycoK 
neopentyl glycol, poiyoxyalkylene glycol, p-xylylerie 
glycol, 1, 4- cyclohexane dimethanol, 5-sodium sulfo 
resorcinol or other dioi component as example of copolymer 
component. 

[0023] 

Melting in o-chloro phenol as degree of polymerization of this 
kind of polyester, [;et] 0.30 or greater is desirable as intrinsic 
viscosity which it measured. 

In addition 20 eq/ton~100 eq/ton are desirable as carboxyl 
endgroup in polyester. 

Furthermore it is possible to add according to need 
antioxidant etc. 

[0024] 

[Working Example(s)] 

Listing Working Example below, you explain this invention 
in detail. 
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[0025] 

flft® B.E.T.ai^oTSy^(m 2 /g)Lfco 
[0026] 

JMW 1000 m)T?fffflLfc. 
[0027] 

Iflt© B.RT.Sl=«oTai|S(ml/g)Lfc. 
[0028] 

(4) Kfc7/US~$Att*0ffilK*<DlWI 

Jl(%)Ufc. 
[0029] 

(5) »JWStt©IMIi 

-:?#n— ;i/$XT>bx«Pi sus-304 WMF 

a -MZ 200g/l/ 2inoh -5t?S*(200g/l/ 2inch) ' 
■e!SjS(250m/min), 200m Cf-yolf, *V 



[0030] 




i ft 


6»<D«±*ofc<ftL 


2ft 




3 ft ■•• 


att©*£fc****^ 


4 ft 


et»©S8£^fcy£i> 


[0031] 
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Furthermore, measurement method of each characteristic 
which is used for this invention is asfollows. 

[0025] 

evaluation of specific surface area of (1 ) aluminum oxide 
particle 

Following to conventional BET method, it measured (m 2 /g ). 
[0026] 

evaluation of secondary particle diameter of (2) aluminum 
oxide particle 

Combining aluminum oxide particle in polyester, in ultrathin 
slice of 0.2;mu m thick after cutting, you observed with 
transmission electron microscope, secondary particle 1 000 of 
agglomerated state the evaluation did with surface area 
average diameter (;mu m ). 

[0027] 

evaluation of total pore volume of (3) aluminum oxide 
particle 

Following to conventional BET method, it measured (ml/g ). 
[0028] 

evaluation of void fraction of (4) aluminum oxide particle 

To conventional mercury and following to jpll 
substitution method, it measured (%). 

[0029] 

evaluation of (5) abrasion resistance 

It made biaxially drawn film with method which shows 
polyester composition which itacquires in Working Example 
in narrow in stainless steel SUS-304 make guide roll high 
speed (250 m/min ), length 200m it was accustomed to 
rubbing tape roll which slit is done with 200 g/1/ 2 inch 
constant tension (200 g/1/ 2 inch ), at white powder quantity 
which occurs in the guide roll surface, following way ranking 
it did, to secondary passing made. 

[0030] 

Occurrence of primary white powder completely 

none 

Occurrence of secondary white powder a little to 

be 

Occurrence mosquito net of terniery white powder 

and many 

Occurrence of quaternary white powder quite 

many 

[0031] 
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(4)Sffiiafla)M 

»llB#7-f JbAirU JISB0601 l^+r-^riA 
*BftaH-*fflt\ ftfft 2 Km. ?5fi 70mg, ill 
£&*ftS 0.25mm, tvYt? 0.08mm ©*frT 



[0032] 

mm i 

B.E.T.it8®» 100m 2 /g CD 6 WkitT 
A&? 4 US, B.E.T.itgSH 85m 2 /g <D 0 
MMb7JUS= l WJfc* 6 IfiSBs 
■Ja-;u 90 fifiSS, ^IWbT^S-^Attflz 
»LTTh5x*;i/7> i EX*Ay>»I 5Wt% 

#ftA8U aSKM^Sx-iAtt^/effi 
B»b7;u5-^A*tt^/x^b>^ja-;ux5 
U-(A)100 aSffltefffco 

[0033] 

ft*» S?^UrU7>b— h 100 MW*x* 
U>yij3-;U 64 M*ZftllfcUTlffllT> 

(A)5 *W«lU*0»fc7>* i E> 0.03 a* 

h 0.03 as^io*, aiBfijEK^fTivan 

fttt 0.617 0#Ux*U>rb?*b--h 



!!W^SW»«fifcJ:Si6<b7;U5x^Aiia 
T©XJKtt*gli, 0.14//mXfe^fco 

[0034] 

COTKyx^U^xL/^^b-HlfiE** 290 deg 
C VlOffl LfflLL, *0>» 90 deg C TflWrt- 
3 mitWU ZhlzWlk 220 deg C V 
15 f)MIL, JI£ 15 //m ©tKVX^I/Z/xU 

7*b-h-*HSff7-r;uA*Wfc. 

[0035] 

CO^Jl/ASIWLfci:^) Ra=0.011//m, S 

MEteiNE i iR-efty , B»«tti^*i=ffti 

[0036] 



evaluation of (4) surface unevenness 

polyester composition which it acquires was designated as 
biaxialiy drawn film with the known method, center-line 
average surface roughness (Ra ) was measured under 
condition of needle diameter 2 ;mu m, load 70 mg, 
measurement reference length 0.25 mm* cut off 0.08 mm 
making use of Surfcom surface roughness gauge according to 
JISB0601. 

[0032] 

Working Example 1 

It added tetraethyl ammonium phosphate 5Wt% the;de of 
B.ET. specific surface area 100m 2 /g -type aluminum oxide 
particle 4 parts by weight* B.E.T. specific surface area 85m 2 
Ig vis-a-vis the;th type aluminum oxide particle 6 parts by 
weights ethyleneglycol 90 parts by weight, all aluminum 
oxide particle, mixed and dispersing it did making use of sand 
grinder, the;de-type aluminum oxide particle/ the;th type 
aluminum oxide particle/ethylene glycol slurry (A ) acquired 
100 parts by weight. 

[0033] 

To other, dimethyl terephthalate 100 parts by weighty 
ethyleneglycol 6 4 parts by weight as catalyst after doing 
transesterification including manganese acetate 0.0 4 parts by 
weight,condensation polymerization was done including 
trimethyl phosphate 0.0 3 parts by weight slurry which is 
manufacturedfirst in reaction product (A ) as 5 parts by 
weight and antimony oxide 0.0 3 parts by weight and heat 
resistant stabilizer of the catalyst, polyethylene terephthalate 
composition of intrinsic viscosity 0.617 was acquired. 

secondary particle diameter of aluminum oxide particle was 
0.14;mu m with transmission electron microscope . 

[0034] 

melt extrusion it did this polyethylene terephthalate 
composition with 290 deg C, after that longitudinal and 
transverse 3 times drew respectively with 90 deg C, 
furthermore after that 15 second thermal processing did with 
220 deg C, acquired polyethylene terephthalate biaxialiy 
drawn film of thickness 15 ;mu m. 

[0035] 

When evaluation it does this film with Ra=0.01 1 ;mu m, 
abrasion resistance evaluation primary , it was a film which is 
superior very in abrasion resistance. 

[0036] 

Working Example 2-5 

types, specific surface area, secondary particle diameter, 
addition quantity and proportion of aluminum oxide particle 
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[0037] 
H»j6 

B.E.T.ibgffifg 98m 2 /g © * filMbT^Sx* 
Ajijtf- 5 MflU B.E.T.itgSa 120m 2 /g © r 
Httfc7^5x*A|tF 3 MKikB.RT.itS 
HS 85m 2 /g 0) 6 BWb7*S=* 2 S 

r^SffliL, 5MBMb7;u5-^A«i^/rS 
&*/x*i>>?' ja— ^^y— (B)ioo msp 



[0038] 

ttx*b>yya-;b*5y--(B)t*ttfcl 1 t 
H«a)*ftT?7Kyx*^;uilS£EfcSlc» 
JnU BM£lStfrl\ BfrttS 0.618 <D# 

Sialic K*iii=**ratt?tttt, o.i4 
^;uA$t#fco 

[0039] 

Cfl^/UASfffflSLfci::* Ra=0.010//m,If 

fc7>f;i/AT*fcofco 
[0040] 

JtttSttffl l 

BJS.T.tt«BB« 100m 2 /g © 6 ffiKfcTJUSx* 
Aft?- 10 MSfl, 90 11 

»au dfimbTA'Sx^Att^/xyur/y 
ya-;u*5y-<c)ioo sssp^itfco 

[0041] 

tt*,^y;uT^*i/-H ioo mw,x* 

b^ya-fl. 64 M«B(zffli!«i:LTPgS-7> 
^>0.04aSSU$*DiTXXT;i/2£SlJ£l£$ff 

ota, Ej£±j«*t*tnaiLfcx5y- 

(C)5 aMPaHMtoBftT^^ 0.03 is 



in polyethylene terephthalate composition were modified, the 
biaxially drawn polyester film was acquired with method 
which is similar to Working Example 1. 

evaluation result of these film was shown in Table 1, but it 
was a film which is superior very in abrasion resistance. 

[0037] 

Working Example 6 

The;de of B.E.T. specific surface area 98m 2 /g -type 
aluminum oxide particle 5 parts by weight, B.E.T. specific 
surface area 120m 2 /g the;ga other than -type aluminum oxide 
particle 3 parts by weight, B.E.T. specific surface area 85m 2 
/g mixes the;th type aluminum oxide particle 2 parts by 
weight, dispersing it did with method which is similar to 
Working Example l,the;de -type aluminum oxide particle/ 
the;ga -type aluminum oxide particle/ the;th type aluminum 
oxide particle/ethylene glycol slurry (B ) acquired 100 parts 
by weight 

[0038] 

said ethylene glycol slurry (B ) was added to polyester ^ 
condensation polymerization system with method which is 
similar to Working Example 1; condensation polymerization 
was done, polyethylene terephthalate composition of inherent 
viscosity 0,618 was acquired. 

secondary particle diameter was 0. 14;mu m with transmission 
electron microscope . 

biaxially drawn polyester film was acquired with method 
which is similar to Working Example 1 making use of said 
polyethylene terephthalate composition. 

[0039] 

When evaluation it does this film with Ra=0.010 ;mu m> 
abrasion resistance evaluation primary , it was a film which is 
superior very in abrasion resistance. 

[0040] 

Comparative Working Example 1 

The;de of B.E.T. specific surface area 100m 2 /g mixing -type 
aluminum oxide particle 10 parts by weight, ethylenegiycol 
90 parts by weight, dispersing it did making use of the sand 
grinder, the;de -type aluminum oxide particle/ethylene glycol 
slurry (C ) acquired 100 parts by weight. 

[0041] 

To other, dimethyl terephthalate 100 parts by weight, 
ethylenegiycol 6 4 parts by weight as catalyst after doing 
transesterification including manganese acetate 0.0 4 parts by 
weight,condensation polymerization was done including 
trimethyl phosphate 0.0 3 parts by weight slurry which is 
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h 0.03 m&mn^s mm%mz'<ii\ @w 
m&mn*mm^z>-&%L*®&> o.is 

[0042] 

Z<DW)^is^\sy$\s-VUJ&ty£ 290 deg 

c vtemniihu *<D& 90 deg c 

f ft 3 ttB#L ttfflft 220 deg C 15 
IScF 15 //m OtfUX^bVirU?* 

[0043] 

CO^MSIIfLfctCi Ra=0.01 1 // nu It 
[0044] 

mmmm 2-5 

[0045] 

tt»*ffi0J 6 

uamym 1 i=fci*T^»a/c*BMbT 

h5x*;u7>*x*A£ffll**Jaftl4H»i:: 
LT.ttHftK 0.616 ©TtfiJX^l/r/TL^b 

J:*=*ttttl4 0.22 //rn 

$fcgtifcflj 1 fcH«0#ft*z<*ffi#7KyxxT 

^(D7-r;UASff{BLfci:Ci Ra=0.013//m,» 
KftttM 3 fc-c&y. BlMltetibVTBJE 
T?£4:Wl>A^I4fefrofc. 

[0046] 

ItttXJkM 7 



manufacturedfirst in reaction product (C ) as 5 parts by weight 
and antimony oxide 0.0 3 parts by weight and heat resistant 
stabilizer of the catalyst, polyethylene terephthalate 
composition of inherent viscosity 0.619 was acquired. 

secondary particle diameter was 0.18;mu m with transmission 
electron microscope . 

[0042] 

With 290 deg C melt extrusion after that longitudinal and 
transverse 3 times drawing this polyethylene terephthalate 
composition respectively with 90 deg C, furthermore after 
that 15 second thermal processing itdid with 220 deg C, 
acquired polyethylene terephthalate biaxially drawn film of 
thickness 15 ;mu m. 

[0043] 

When evaluation it does this film with Ra=0.01 1 ;mu iru 
abrasion resistance evaluation terniery , it was nota film 
which aiways.can be satisfied abrasion resistance. 

[0044] 

Comparative Working Example 2-5 

types* specific surface area s secondary particle diameter 
and addition quantity of aluminum oxide particle in 
polyethylene terephthalate were modified, the biaxially drawn 
polyester film was acquired with method which is similar to 
Comparative Working Example 1. 

evaluation result of these film was shown in Table 2, but it 
was not a film which can be satisfied abrasion resistance. 

[0045] 

Comparative Working Example 6 

Other than using tetraethyl ammonium hydroxide in 
Comparative Working Example 1, as dispersant, polyethylene 
terephthalate composition of intrinsic viscosity 0.616 was 
acquired with as similar. 

secondary particle diameter was 0.22;mu m with transmission 
electron microscope . 

biaxially drawn polyester film was acquired with method 
which is similar to Comparative Working Example 1 making 
use of said polyethylene terephthalate composition. 

, When evaluation it does this film with Ra=0.013 ;mu iru 
abrasion resistance evaluation terniery , it was nota film 
which it can be satisfied in abrasion resistance. 

[0046] 

Comparative Working Example 7 

Other than using sodium hexametaphosphate in Comparative 
Working Example 2, as dispersant, as stated in Table 3 with 
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fEtE0$lc@«£JS 0.616 (DtK'Jx^u^t-U 

aaa«*B«iiic*4=«tt*ai*, 0.22 
;i^;uA£i#fcc 

d(D7-f;UA$fMILfctc;5 Ra=0.013//m,It 

[0047] 
SIM! 7-10 

Afi*©aH, JtSiMU -^^Sfcitf 



C*i&©7*/UA©M*Sft** 1 tSLfc. 

[0048] 

» 11- 
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as similar, polyethylene terephthaiate composition of inherent 
viscosity 0.616 was acquired. 

secondary particle diameter was 0.22;mu m with transmission 
electron microscope . 

biaxial iy drawn polyester film was acquired with method 
which is similar to Comparative Working Example 1 making 
use of said polyethylene terephthaiate composition. 

When evaluation it does this film with Ra=0.013 ;rnu m, 
abrasion resistance evaluation terniery , it was nota film 
which it can be satisfied in abrasion resistance. 

[0047] 

Working Example 7-1 0 

types, specific surface area^ secondary particle diameter 
and addition quantity of aluminum oxide particle in 
polyethylene terephthaiate were modified, the biaxially drawn 
polyester film was acquired with method which is similar to 
Working Example 1. 

evaluation result of these film was shown in Table 1. 

It was superior in abrasion resistance, it was a film of passing 
range. 

[0048] 

[Table 1] 
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[0049] 



[0049] 

[Effects of the Invention] 
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manufacturing method of polyester composition of this 
invention jointly using aluminum oxide particle of 
theespecially ultrafine two kinds or more where crystal 
structure differs, adding phosphorus compound and the 
ammonia or lower amine compound and wet type dispersing 
doing dispersing, because it is addedto polyester 
polymerization reaction system with state which it disperses 
in the slurry satisfactorily, as for polyester composition which 
it acquires with this, film or fiber and other molded article 
which are superior in the abrasion resistance are obtained to 
be suitable, especially it repeats and it canuse for magnetic 
tape which it is rubbed is used desirably. 
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*5-<0 L It b flS*<T3£(l), (2)*»*:t** 



[Patent Attorney] 
[Name] 

Maeda Sumihiro 
(57) [Abstract] 

[Problems to be Solved by the Invention] 

Extent and surface deficiency which controlled amount of 
foreign matter, hue in polyester in thesatisfactory level, are 
not former are small, hue thesatisfactory molded article 
aromatic polyesters and said polyester which it can form are 
used,extent surface deficiency which is not former is little, 
also hue offerssatisfactory biaxially drawn polyester film. 

[Means to Solve the Problems] 

With polyester which designates aromatic polyester, 
especially ethylene terephthalate whichpolymerized Sb 
compound as polymerization catalyst as main repeat unit, 
limiting viscosity to be0.4 - 1.5 ranges, quantity in polymer of 
Sb compound being Sb atomic weight conversion and with 50 
- 400 ppm , amount of foreign matter of size of 10;mu m or 
greater in said polymer lg being 50 or less, L value and b 
value of color which was measured by Liab method formula 
below (1), aromatic polyester which fills up (2) and biaxially 
drawn film 0 which consists of this 



75^L-b 


(1) 


75 <=L-b fi 


0) 


b^3 






(2) 


bm 






(2) 


Claims 

imm\] 


[Claim(s)] 
[Claim 1] 







x*r;u"e*y o.4~i.5 omm 
c*y,HMWxxT;u+«> sb it$mo>&tf 

Sb B^ftftft-e 50~400ppm VfoVs \0vm \>1 

±o*»*©jMMk*wyxx^ lg ifcy 
50 asiTcfcy* *^ Lab mzMmm^Mz 

±5-0) L lit b «tfT*(IJ, (2)£ffi&tZ>ZL 
iS*»ftW6**lbl?yxXT;u. 

[fei] 

75<L-b 



With aromatic polyester which polymerized Sb compound as 
polymerization catalyst, limiting viscosity are0.4 -1.5 ranges, 
quantity of Sb compound in said polyester being Sb atomic 
weight conversion and with 50 - 400 ppm , amount of foreign 
matter of size of 10;mu m or greater being polyester per gram 
50 or less , L value and b value of color whichwas measured 
at same time by Lab method formula below (1), satisfy(2) 
aromatic polyester 0 which is made feature 

[Mathematical Formula 1] 

_ 
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75 <=L-b> 


0) ■ 








(2) 


bD3 






(2) 




[Claim 2] 







*« l B»©*#*tfyxXTJk 

cm«*3] 

MBtttfUxar^-r/UA. 
Specification 

[0001] 

TKUx^W-f^AKML, JEK»L<ttiK , J 
T-+0)Jl«4<*ft<fl-3»fe36<'><i:<*5- 

*ufc***jKyxxT;ufeJ:tfc:*t*6ft4r 

[0002] 

7Kyx*U>Tl^*I^H=fta**L*3f*fc- 
rtfUx^T/ni A*»tt; Rfett, Mtttt, W 

[0003] 

4^^7t«UxXxJHi*ffliilCfe^T»**Mt 

&*iTl*5*«, *'C* = llft7>y i E>a)lP# 
7>^>(Sb)lb£**£ffifio&lNfi£}§ 
tt«»OjJMIfcLTl6<«B*hTt^. 

[0004] 



aromatic polyester*, which is stated in Claim 1 which is a 
polyester where the aromatic polyester designates ethylene 
terephthalate as main repeat unit 

[Claim 3] 

biaxially drawn polyester film 0 which consists of aromatic 
polyester which is stated in Claim I 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards aromatic polyester and biaxially drawn 
polyester film , furthermore as for details foreign matter in 
polymer and coloring is superior little little in the color (hue ), 
furthermore regards aromatic polyester which is superior in 
moldability, molded article quality and biaxially drawn film 
which consists of this. 

[0002] 

[Prior Art] 

aromatic polyester which is represented in polyethylene 
terephthalate is superior in dynamic property, heat 
resistance > antiweathering agent, electrical resistance, 
chemical resistancejs used widely as film, fiber, bottle^ 
other molded article. 

[0003] 

required property it differs as for this polyester in each 
application it can use the polymerization catalyst in order to 
advance polymerization reaction smoothly, but at time of 
theproduction. 

various metal compound is known as this polymerization 
catalyst, but antimony (Sb ) compound like the antimony 
tri oxide even among them is used widely inexpensive and as 
catalyst whichhas high polymerization activity. 

[0004] 

But, also Sb compound has held problem. 

for example Sb compound part of that being reduced while 
reacting, forms the metal Sb and in addition foreign matter, 
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[0005] 

mtfmt sb t^mmi^m 

tztZttjmy 1-275628 4HtfLttH¥ 
2-3420 Jlttttfcte, X^T;U3£^(EI)S!cfcl> 
T Sb lb£tl£ EI SfStDXRlrStDL. EI XUS 

3s*K, »j©m*a4«*a*4tT4t Wilt* 

L*U WtJdxtf, dflcW&S 

T«l* Sb ft^ttlciSBt«Wkffta>fitt^ 
■7-S#4Ci:i<ltLl^i:tfW63Wc4-3fc. 



ttzs ttBBB 61-231025 ^fttli.Sbfc^* 



HK*fc,81Blffl 54,39490 JHtfLttHH 
60-67529#»*fZtt, Sbft4*ty>ft*ft* 



[0006] 

fi»3SxiHi#7KyxxT^-f;uA$aiitt 
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blackens color of polymer, the process condition deteriorates, 
molded article quality deteriorates. 

[0005] 

Prom until recently, you did various examination concerning 
foreign matter decrease of polymer which uses Sb compound 
for polymerization catalyst 

It adds Sb compound to Elreaction initial stage in for example 
Japan Unexamined Patent Publication Hei 1- 275628 
disclosure* Japan Unexamined Patent Publication Hei 2- 
3420 disclosure in ester exchange (EI ) method, ilutilizes to 
be proposed, as catalyst of both of the EI and condensation 
polymerization equal to amount where another Elcatalyst is 
notadded foreign matter in polymer decreasing is stated. 

But, according to examination of this inventor, as for polymer 
whichis acquired with this kind of polymerization method , 
effect is little in decrease and coloring prevention of amount 
of foreign matter which originates in Sb compound which it 
uses as polymerization catalyst polymer of satisfactory quality 
is obtained, isdifficult , it became clear. 

In addition, Sb compound is used for polymerization catalyst 
in Japan Unexamined Patent Publication Showa 6 1- 2 3 1 025 
disclosure , tere >r jpl 1 acid trace addition is done in last 
half of condensation polymerization, technology which 
decreases foreign matter which is accumulated in spinneret at 
thetime of yarn-spinning is proposed. 

But, it does not decrease foreign matter in polymer to fully 
.makinguse of this technology, obtains satisfactory polymer 
quality it is difficult 

Furthermore and, those which beforehand it heats mix Sb 
compound and the phosphorus compound with suitable 
condition are used for condensation catalyst in Japan 
Unexamined Patent Publication Showa 5 4- 39490 
disclosure, Japan Unexamined Patent Publication Showa 
60-67529 disclosure , it isproposed , but also this effect is 
restricted to decreaseof spinneret foreign matter in 
yam-spinning, you cannot expect reducing effect of foreign 
matter in polymer. 

[0006] 

[Problems to be Solved by the Invention] 

Extent and surface deficiency where objective of this 
invention controlled amount of foreign matter* hue in 
polyester in satisfactory level, is not former are small, also 
hue satisfactory molded article is to offer aromatic polyester 
which it canform. 

Extent surface deficiency to which other objective of this 
invention used theaforementioned polyester, is not former is 
little, it means that also the hue offers satisfactory biaxially 
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[0007] 

*«W<DBMB\ *3t9lKXhliX-lz % Sb 

^r*-e*y* 0.4-1 j osEffli- 

fey, K/-K';x7,-r;u*0 sb <k£!8&0>g*< sb 

H^fi^tt-e 50^00ppm T?*y, 10//m 0± 

o*$£o)m®mwjzxT)i> lg sty 50 

fieiT^*y, ^OLab3SI=J:yj|||3e**ifcA5 
L fit b tt^TSO), (2)$}lSt4Ct* 

[0008] 
[ft 2] 



drawn polyester film. 
[0007] 

[Means to Solve the Problems] 

objective of this invention, according to this invention with 
aromatic polyester whichpolymerized first, Sb compound as 
polymerization catalyst, limiting viscosity to be 0.4 - 1.5 
ranges, quantity of Sb compound in said polyester being Sb 
atomic weight. conversion and with50 - 400 ppm , amount of 
foreign matter of size of 10;mu m or greater being polyester 
per gram 50 or less , At same time L value and b value of 
color which wasmeasured by Lab method formula below (I), 
satisfy (2) are achievedwith aromatic polyester which is made 
feature. 

[0008] 

[Mathematical Formula 2] 



75^L-b 


(1) 


75<=L-b 


( ] ) 


b^3 






(2) 


bD3 






(2) 


[0009] 


[0009] 







fcMff*U*. 

?'ju-;k hy^u>^ya-;i/ s i,4-^>v 
*-;U s J?x*u>4fyq— l,4-v^n^+ 



aromatic dicarboxylic acid etc like for example terephthalic 
acid, naphthalenedicarboxylic acids isophthalic acid, 
phthalic acids biphenyl dicarboxylic acid, diphenyletlier 
dicarboxylic acid, diphenoxy ethane dicarboxylic acid as 
dicarboxylic acid component of aromatic polyester in this 
invention, can bejisled. 

Among these, especially terephthalic acid. 
2,6-naphthalenedicarboxylic acid is desirable, as for these 
ratiowhich is occupied in dicarboxylic acid component is 80 
mole % or more, is desirable. 

In this case, terephthalic acid or 2 and 6 
-naphthalenedicarboxylic acid it is possible tocopolymerize 
cycloaliphatic dicarboxylic acid like aliphatic dicarboxylic 
acids 1, 4- cyclohexane dicarboxylic acid like aforementioned 
aromatic dicarboxylic acids adipic acids sebacic acid other 
than. 

In addition, for example ethyl eneglycois trimethylene 
glycols 1, 4- butanedioK diethylene glycol, glycols and 
polyoxyalkylene glycol etc of the aliphatic, cycloaliphatic s 
aromatic 1 and 4 -cyclohexane dimethanoK neopentylene 
glycok bisphenol As bisphenol S way can be listed as 
glycol component. 



Page 6 Paterra Instant MT Machine Translation 



JP1999152324A 



1999-6-8 



So 

[0010] 

fc+fttf 'jx*T ;k jjfclWicft^iftiLs 

[0011] 

v^^OKvT^+^xXf-^ir^'Ja-^i: 
^>®i7^+u>^-9--rK$xxx;HbS 

So 

ftaT^^CWfti^VK*. 7>^ 



Among these, ethyleneglycoU 1, 4- bulanediol especially is 
desirable, as for these ratiowhich is occupied in glycol 
component is 80 mole % or more, is desirable . 

[0010] 

As concrete example of aforementioned aromatic polyester, 
poiyesler s or these whichdesignates polyethylene 
lerephthnlate* polybutylene tercphthalate* 
polyethy)ene-2,6-naphthalate x poly butylene-2,6-naphthal ate 
as effective ingredient is designated as main component, the 
copolyester which designates for example aforementioned 
dicarboxylic acid component and/or glycol component as 
copolymer component can be listed. 

[0011] 

These aromatic polyester usually, method esterification 
reaction of doing dicarboxylic acid and the glycol . Method 
transesterification of doing dicarboxylic acid dialkyl ester and 
glycol . Or forming, low molecular weight polymer of glycol 
ester and/or of dicarboxylic acid with such as dicarboxylic 
acid and method which alkylene oxide esterification reaction 
is done, under vacuum heatingthis product next, until it 
becomes predetermined degree of polymerization, it is 
acquired youpolymerize by.. 

heights pricewise of catalytic ability from viewpoint, it is 
necessary to use the antimony compound in polymerization 
catalyst which is used for above-mentioned polymerization 
reaction. 

As this antimony compound especially it cannot be limited, if 
it is a Sb compound whichpossesses polymerization catalyst 
talent, it can use for option. 

You can list alcoholate etc like carbonate* antimony 
glycolate like halide compounds antimony acetate like the 
oxide* antimony trichlorides antimony tribromide like for 
example antimony trioxides antimony tetraoxide % antimony 
pentoxide. 



[0012] 

>*^>*Fft*T? 50^00ppm hft&ttlzt 
4&*4<fcy,»tff*U^a>li 100~350ppm 



oxide is desirable even among them, especially antimony 
trioxide isdesirable. 

[0012] 

As for amount used of aforementioned antimony compound 
remains antimony compound amount in the polyester which is 
produced being antimony atom conversion, it is necessary to 
try 50 -400 ppm ago, fact that especially it is desirable is 100 - 
350 ppm. 
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tKU jlXt-JI* + ©S^^^V*^ 50ppm * 
SBfcftftfc, -h»ftl*B6©»tt4«#6#i 

400ppm JKU^-GfellMW frli 

[0013] 

[0014] 
[0015] 

-lg 10// m m±CD^^OSfeifcA ? 50 
flBLT-Cft4Ct^»-efty,#*L<l* 30 
H«T, ♦Wc#*L<lt 10 fflfilT1?*4. 

10/im Ja±<D***0>W*l*J(>< 50 mZMz-Z 

ii*js*±rfta»3W5<fts. 

[0016] 

tK'JXXt^ lg 4*0 10// m K±G>Wftl»* 50 

#<D Sb ilt$ 50~400ppm ttt&Cfcliftl:: 
[0017] 

*»Wtfil+4*«7KyxXT;i/li.Lab & 

t *y«t Lfc*5-n(ft«o© l fiifc^r/ b fit** 

[0018] 



When remains antimony quantity in polyester is under 50 
ppm, the activity of sufficient polymerization reaction is not 
acquired, is not desirable in order toproduce polyester. 

On one hand, when remains antimony quantity in polyester 
X exceeds400 ppm, hue of polymer not only blackening, 
antimony catalyst residue mixesin polymer and becomes 
foreign matter. 

[0013] 

After melt condensation polymerization end melt extrusion it 
does polymer from polymerization vessel, cools at suitable 
coolant for example underwater and cuts off in suitable size 
and making into a chip does. 

chip with rectangular parallelepiped and with cylinder and 
with dice shape and isgood with spherical shape. 

In addition, also it is possible to administer according to need 
solid phase polymerization, to make the predetermined • 
limiting viscosity. 

[0014] 

In addition, it is possible to use according to need other 
additive, for example bluing agent, antioxidant, 
ultraviolet absorber, antistatic agent, flame retardant etc at 
thetime of production of aforementioned aromatic polyester. 

[0015] 

As for aromatic polyester in this invention, in polymer lg, 
amount of foreign matter of size oflO'mu m or greater is 50 or 
less, being necessary , below preferably 30, itis a particularly 
preferably 10 or less. 

When amount of foreign matter of size of 10;mu m or greater 
exceeds 50, when molding and fabrication doing in for 
example biaxially drawn film etc, because also periphery of 
said foreign matter receives drawing, void (empty gap ) 
occurs in foreign matter periphery, probability which causes 
surface deficiency of large film becomes high. 

[0016] 

means which designates amount of foreign matter of 10;mu m 
or greater in polyester lg as 50 or less especially is not 
limited. Especially it is effective to designate Sb amount of 
metal of Sb compound derivation which remains in for 
example aforementioned polymer as 50 - 400 ppm. 

[0017] 

As for aromatic polyester in this invention, L value and b 
value of color (hue ) which was measured due to Lab method 
formula below (1), have thenecessity to fill up (2) condition. 

[0018] 
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[Mathematical Formula 3] 



75gL-b 


(1) 


75«=L-b 


(1) 


b^3 






(2) 


b03 






(2) 


[0019] 


[0019] 







±tB5S4>> L-b comt 75 BLtcfcacitfas 

Tfe44<, Mlwff*UI± 80 El±T?*4. 
*fc. b ftl* 3 HTtffeacti^g-efeS^ 

-To 

4*5t«»t4*«tt»tlBfe**iftt^ 
mii#yx;wi,*f::»W"4 Sb Ibftttitt 
j£S *0 Sb &H$ 50~400ppm <tU *£S 

4CtA^4o 
[0020] 

»ftlXte % ftlX fl«>a«MJfr&. 0.4 ^6 1.5 0) 

ttHI=*4::fatofi0ST?fc4. 
[0021] 

xx : f;U^644xttffi#^;UAtJ;oTit 
[0022] 

;UA$^^|fi)(I})D^(fci:^li Tg-]0~Tg+70 
deg C, Tg:#yx;WU©*7;ME#fflfi). S 

jta«Kfci*l* Tg~Tg+70 deg C)> BflU * 6IC 
»HSfeJ:tf/**:i4tta«t4Ci:lcJ:y||4 



In above Formula, value of L-b is 75 or greater, it is 
necessary ,but furthermore it is a preferably 8 0 or greater. 

In addition, b value is 3 or less, it is necessary , 
butfurthermore it is a preferably 2 or less. 

When value is large, whiteness satisfactory it shows L value, 
b value increases extent yellowness where that valuebecomes 
large. 

When aromatic polyester condition of above Formula is not 
filled up, when melt extrusion molding doing in film etc, 
when furthermore yellow in order to color,you use for for 
example packaging film etc, with thermal history hue is bad, 
because desire to purchase of consumer it declines, is not 
desirable. 

means which in order to become condition of above Formula, 
controls hue of aromatic polyester especially is not limited. It 
designates Sb amount of metal of Sb compound catalyst 
derivation which remains in the for example polyester as 50 - 
400 ppm, it can achieve by suitable declarationadjusting 
polymerization temperature* polymerization time. 

[0020] 

As for limiting viscosity of aforementioned aromatic 
polyester, from intensity etc of molding property* processed 
good, from 0.4 there are 1.5 ranges, it is necessary .. 

[0021] 

Furthermore, second objective of this invention is achieved 
with biaxially drawn film whichconsists of aforementioned 
aromatic polyester. 

[0022] 

Aforementioned aromatic polyester melt extrusion it does this 
biaxially drawn film, from die,quench does on cooling drum 
and obtains undrawn film, heating (glass transition 
temperature of for example Tg-10~Tg+70 deg (\ Tg: 
polyester ), draws said undrawn film next in machine 
direction and makes uniaxially drawn film, continuously 
heating(for. example Tg~Tg+70 deg C ), draws in horizontal 
direction, it can acquire furthermore by heat-set and/or 
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ZOW-Htf 300 //m $$lJi?q 
6 »tfi?t4t % 

mmz&b-ttx. Mom £fr*jai*4c 

[0023] 

«tLI* Si0 2 > BaS0 4 , CaCOj* 

[0024] 
[MM] 

BIT, SSttfilt *U*»SB*»ifct*. 
4*. MM+rfljii, IMSftttTS. 



[0025] 

i)«S4JSSi[7?]:7xy~;i//T^^PDx$> 

(B*it6a/40)©££»IISffll^3S deg C T? 



[0026] 

2) fefflpb^-) 
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thermal relaxation doing. 

thickness of this biaxially drawn film 1 - 300;mu m, 
especially 1 - 150;mu m is desirable. 

This thickness under l;mu m, thickness does not stabilize film 
manufacturing process thin and in extreme case reaches to 
cutting. 

On one hand, when this thickness exceeds 300;mu m, it 
becomes the excess quality and it is a uneconomic. 

draw ratio differs depending upon application but both 
longitudinal draw, transverse draw ratio 2 - 6-fold it makes 
range, it is desirable . 

When draw ratio 2 -fold is under, orientation of film being the 
insufficient, mechanical strength is not granted. 

On one hand, when draw ratio exceeds 6 -fold, because draw 
ratio is toohigh, film manufacture becomes difficult and, it 
becomes excess quality. 

In addition, heat-set and/or thermal relaxation adjusting to 
application of film, can use means 0 condition of public 
knowledge. 

[0023] 

In addition, according to need slipperiness is granted to 
biaxially drawn polyester film in this invention, is desirable. 

means of lubricity provision is not something which 
especially is limited. Method of dispersing for example Si0 2 % 
BaS04> CaCOj* alumina % alumina silicates crosslinked 
organic particle or other lubricant in polymer. You can list 
method etc which provides layer which possesses slipperiness 
in surface of film. 

[0024] 

[Working Example(s)] 

this invention is detailed below, with Working Example . 

Furthermore, "part" in Working Example means parts by 
weight 

In addition measurement method of characteristic which is 
used in Working Example is sh'ownbelow. 

[0025] 

1) Making use of mixed solvent of limiting viscosity 
[;et]:phenoi/tetrachloroethane (weight ratio 60/40 ), it 
calculatesfrom solution viscosity which was measured with 
35 deg C. 

[0026] 

2) hue (color ) 
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#|J 140 deg C V 60 

gltz-ioom? -en***. 

[0027] 

3) ^MgiBI^ 

Sit X tt(3¥«ftX*1*3&*t life X 
3270 ajtioTBffffiflOSttKTTKUV-*© 
*M(*ttppm)*fl!JM-*. 

[0028] 

4) #l^iMX£*<Z>& 

fly?-*?? lg £7-bhX *lvc*DD*/l 
^D/<y— ;i/(HFff)/^nD7|5juA=i/i flDiSflH:: 

[0029] 

7-r*A igMAMUfeHlfU Sbi &£<d 



With 140 deg C thermal processing it does polymer in 60 
muu dryer and afterdrying, measures with Nippon 
Denshoku Kogyo K,K. (DB 69-244-3708 ) supplied, color 
di fference meter Z- 1 00 1 DP. 

[0027] 

3) amount of metal measurement 

With fluorescence X-ray (Rigaku Corp. (DB 69-054-9415 ) 
KK fluorescence X-ray 3270 type) amount of metal (unit 
ppm ) in polymer is measured with the predetermined 
method . 

[0028] 

4) foreign matter size and number 

polymer chip lg acetone, you wash surface next well with 
chloroform, meltin solution of hexafluoroisopropanol (HF IP ) 
/chIoroform=l/l, filter with membrane filter of the mesh 
opening 1 ;mu m, observe filtration ones with optical 
microscope (200 times), major diameter of foreign matter 
counts quantity of foreign matter of size of 1 0;mu m or 
greater. 

[0029] 

5) surface deficiency of film 

You observe film lg with polarizing microscope, evaluation 
you do concerningthose where major diameter of surface 
deficiency exceeds 50;mu m, with standard below. 



7^A1gfcfcy©fia34<50/im*HAS**»a^Ofi 


© 


Quantity of foreign matter where major diameter of film per gram exceeds 50;mu m 0 


* 




O 


Quantity of foreign matter where major diameter of film per gram exceeds 50;mu m 1 to 5 


0 


:^;uAigfcfcya>ftgi<50/i m£iBA4*tta>sa<6~i o® 




A 


Quantity of foreign matter where major diameter of film per gram exceeds 50;mu m 6 - 10 




* 


y 










X 


7 




major diameter of jpl 1 J± per gram to exceed 50;mu m 


Z> Quantity of foreign matter 10 or greater 




X 



[0030] 

7-rVUA*« lOcnuflt 10cm (D***t«ytB 



[0030] 
6) hue of film 

It cuts film in size of vertical 1 0 cm, side 1 0 cm, 1 0 -layer 
repeats this and places on picture paper form of white. 
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Cih* 30 X(DAi< 100W Q&WMOTVByi 



This 30 people visual observation do under white 
incandescent lamp of 100 W, do sensory evaluation in regard 
to hue of film, evaluation do with standard below. 









Person who feels yellowness or mildew in color of film 3 orless 




* 






O 


Person who feels yellowness or mildew in color of film 4 -6 persons 




0 


^^A0)fil=|tft***LM±lrt , #**C4 OA - 


A 


Person who feels yellowness or mildew in color of film 6 -I0 persons ... 


* 








± 




X 






Person who feels yellowness or mildew in color of jpl 1 A 10 persons from here 


Top 




X 


[0031] 


[0031] 



UUtM 1-3, ttttfl U2|Tb7*^lt3600» 
fcE?l^>ifUa-^2750»i:**a-e^ l J- 

3kg/cm 2 270 deg C CTfi* 

■BI*jfcfiJ< 600 ®tfotz#&V&J±U St 
$EI^T 270 deg C T?S^$itfc 0 

3l*fll*l*U[ 295 deg C izxfa* iztSXA 
METirLT O.lmmHg X+mSt&ZtlzMffi 

fc.' 
[0032] 

Bdia^u •?-<D?vzr£&m& , 10 h>/B0S 



slurrying it did [Working Example 1-3 > Comparative 
Example 1, 2 ] terephthalic acid 360 0 part and ethyleneglycol 
275 0 part with ambient temperature, insertedin stirrer 
equipped autoclave , under pressurizing 3 kg/cm 2 reacted with 
270 deg C. 

pressure release it did with time point where amount of 
distilled water had become 600 partfurthermore with ambient 
pressure reacted with 270 deg C. 

Furthermore, in order to reach quantity which antimony 
quantity in polymer which is produced shows in Table 3, it 
added transparent solution of antimony 
trioxide/ethyleneglycol as polymerization catalyst. 

Continuously predetermined polyethylene terephthalate was 
acquired with polymerization temperature 295 deg C by 
polymerizingwith 0.1 mmHg as under high vacuum 
decompressing gradually. 

quality of this polymer was as shown in Table 1. 
[0032] 

chip of aforementioned polymer after drying, with velocity 
oflO ton /day was supplied to twin screw extruder in 
continuous, after filtering the polymer which is melted with 
filter (Eugene carbon supplied Eugene 15G ) of stainless steel 
ball sintering type,from slit on casting drum which was cooled 
extrusion undrawn film was acquired in sheet. 

Consequently with heated roll in machine direction drawing 
said undrawn film in 3.3 times, with stentor in horizontal 
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IZ 3.6 fSKBflLTJR 30/im arNBNTT* 

ffiOffffittHttft 2 iCiRttfeyefco*:. 
[0033] 

[JtRtS 3]=»fc7>^>/X^U>?'J=l--;i/ 
Si £ 305 deg C fctSH*M4*ilfl 1 fcHtt 

fee 

[0034] 

S&£ 275 deg c £*4filftliMM 2 M« 

fc-. 

[0035] 

[itifeflj 4]=Bfc7>«>0ftfry5iMt7 
•Dfc.H64ifc* l JT-Mlfc«l l tH«tLT 

ii*2C» , ri:feyTpfcofc.] 

[0036] 
[Si] 



1999-6-8 

direction drawing next in 3.6 -fold, it made biaxial ly drawn 
film of thickness 30 ;mu m. 

surface deficiency of biaxially drawn film which it acquires 
and evaluation result of hue were as shown in Table 2. 

[0033] 

After adding transparent solution of [Comparative Example 
3 ] antimony trioxide/ethyleneglycol as polymerization 
catalyst, other thandesignating polymerization temperature as 
305 deg C, executing in same way as the Working Example 1, 
it acquired predetermined polyethylene terephthalate. 

quality of this polymer was as shown in Table 1 . 

It formed in biaxially drawn film polymer which it acquires to 
similar to the Working Example I . 

surface deficiency of biaxially drawn film which it acquires 
and evaluation result of hue were as shown in Table 2. 

[0034] 

After adding transparent solution of [Comparative Example 
4 ] antimony trioxide/ethyleneglycol as polymerization 
catalyst, other thandesignating polymerization temperature as 
275 deg C, executing in same way as the Working Example 2, 
it acquired predetermined polyethylene terephthalate. 

quality of this polymer was as shown in Table 1 . 

It formed in biaxially drawn film polymer which it acquires to 
similar to the Working Example 1. 

surface deficiency of biaxially drawn film which it acquires 
and evaluation result of hue were as shown in Table 2. 

[0035] 

Other than adding substituting antimony pentoxide of 
[Working Example 4 ] antimony trioxide, executing insame 
way as Working Example 1, it acquired predetermined 
polyethylene terephthalate. quality of this polymer was as 
shown in Table 1. It formed in biaxially drawn film polymer 
which it acquires to similar to the Working Example 1 . 
surface deficiency of biaxially drawn film which it acquires 
and evaluation result of hue were as shown in Table 2. ] 

[0036] 

[Table 1] 
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[0038] 



[0038] 

As been clear from result of Table K 2, aromatic polyester of 
this invention the foreign matter of Sb catalytic cause is very 
HttJe, biaxially drawn polyester film which uses said polyester 
the surface deficiency is little, it is superior in poinl where hue 
issatisfactory as especially packaging material film. 
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a*iiWT?&*3J«liWx;vr;i>£««*S 



¥J5fclO#7£l7B 
0034 

&a>asisg£ 275 deg c ttm^itnmm 
fc. 

0036 



1999-6-8 

[0039] 

[Effects of the Invention] 

According to this invention, extent and surface deficiency 
which controlled the amount of foreign matter , hue in 
polyester in satisfactory level, are not former aresmall, also 
hue satisfactory molded article can offer aromatic polyester 
whichit can form. 

In addition, said polyester is used, extent surface deficiency 
which is not formeris little, also hue can offer satisfactory 
biaxially drawn polyester film. 

xxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxx 



1998 July 17 days 



specification 



0034 



Modification 



After adding transparent solution of {0034} [Comparative 
Example 4 ] antimony trioxide/ethyleneglycol as 
polymerization catalyst, other thandesignating polymerization 
temperature as 275 deg C, executing in same way as the 
Working Example 2, it acquired predetermined polyethylene 
terephthalate. 

quality of this polymer was as shown in Table 1 . 



specification 



0036 



Modification 
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(54) [Title of the Invention]: 



A Method for Manufacturing Polyester for Use in Highly Heat- 
Resistant Polyester Bottles 



Abstract 



The invention relates to a method for manufacturing a polyester resin (PET, polyethylene 
terephthalate) suitable for the manufacture of polyester bottles with outstanding heat resistance 
that can be filled with high-temperature beverages, characterized in that, using purified 
terephthalic acid (TP A) and ethylene glycol (EG) as the main raw materials, catalysts, 
cocatalysts, and thermal stabilizers are mixed in appropriate concentrations to manufacture a 
base chip having intrinsic viscosity (IV) in the range of 0.55 to 0.67 dL/g, and the chip is then 
crystallized and subjected to solid-state polymerization to obtain a heat-resistant resin showing 
high viscosity of 0.70 to 1.0 dL/g. 
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Pagel 



The highly heat-resistant resin of the invention, can be used for the molding of high- 
transparency bottles having particularly outstanding characteristics with respect to heat 
deformation, crystallization, and shrinkage during high-temperature filling of fruit beverage 
bottles with liquids ranging from 85 to 105°C. 

In particular, the invention provides a polyester resin that can be molded into a high- 
transparency bottle that can be used for the filling of beverages in a temperature range of 90 to 
95°C, considerably higher than the range for conventional heat-resistant bottles (filling 
temperature 85 to 88°C). 

Specification 

Detailed Description of the Invention 
Purpose of the Invention 

Technological Field of the Invention and Prior Art 

The invention relates to a method for manufacturing a polyester resin suitable for the 
manufacture of polyester bottles with outstanding heat resistance that can be filled with high- 
temperature beverages. 

Initially, PET (polyethylene terephthalate) was used mainly in the field of textiles as a 
thermoplastic polyester resin manufactured by reacting purified terephthalic acid (TP A) and 
dimethyl terephthalate (DMT) with ethylene glycol (EG), but it is currently used in the molding 
of biaxially-oriented stretch-blown bottles, which are widely used in applications such as 
containers for bottled water, carbonated beverages, alcoholic beverages, fruit juice drinks, and 
wrapping of general food products. 

In particular, PET containers show outstanding mechanical properties, gas barrier 
properties, chemical resistance, transparency, and luster, and their use is expected to increase 
considerably in the future. 

The majority of PET containers are used for filling of contents at room temperature or 
temperatures of 70°C and above, while filling of fruit juice beverages is carried out at 
temperatures of 85 to 88°C. High-temperature filling is carried out in order to meet the 
requirements of sterilization, bleaching, and prevention of oxidation. 

When molded containers made of such existing PET resins are sterilized by hot-water 
washing, they tend to undergo deformation, so it has been difficult to use them as containers for 
high-temperature sterile filling. 
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Technical Problems to be Solved by the Invention 

In manufacturing the polyester resin (PET) of the invention, which has a highly 
transparent, high-viscosity, highly heat-resistant linear polymer structure, by selecting and 
mixing the additives to be used at the melt polymerization stage, one can optimize the 
manufacturing conditions for clean polymers and the molding conditions for heat-resistant 
bottles, thus providing a method for manufacturing a polyester resin and molding bottles made of 
said resin that makes it possible to produce highly heat-resistant containers in which the beverage 
filling temperature can be increased from the existing level of 85 to 88°C to a level of 92 to 
100°C. 

In the polyester manufacturing method of the invention, terephthalic acid and dimethyl 
terephthalate (DMT) are mixed with ethylene glycol and subjected to polyester polymerization in 
order to obtain a polyester resin having a linear polymer structure, thus obtaining a highly heat- 
resistant polyester resin that makes it possible to keep the container shrinkage ratio at 1.5 or less 
during high-temperature liquid filling at temperatures of 90°C or above: 

The bottle molding method according to the invention makes it possible to manufacture 
PET resin having the physical properties of intrinsic viscosity of 0.5 to 1.0 and a melting point of 
245 to 260°C. By means of a process in which the preform is molded; at a temperature of 275 to 
295°C, crystallization of the neck portion is carried out at 100 to 200°C, heat-setting is carried 
out at 160 to 200°C, and multistage blowing is carried out at a temperature of 90 to 120°C and a 
pressure of 20 to 40 kg/cm 2 , one obtains a container suitable for the filling of high-temperature 
liquids at 90°C or above. 

Composition and Operation of the Invention 

The following is a detailed explanation of the polyester resin manufacturing method and 
bottle molding method of the invention. 

In the invention, high-purity terephthalic acid (TP A) and ethylene glycol (EG) are used as 
raw materials, and catalysts, thermal stabilizers, cocatalysts, color-improving agents, etc., are 
mixed in at specified concentrations to obtain a base polymer having an intrinsic viscosity (IV) 
of 0.550 to 0.670 dL/g, after which crystallization and solid-state polymerization are carried out . 
to manufacture a high-viscosity resin having an intrinsic viscosity (IV) of 0.70 to 1 .0 dL/g, thus 
providing a process for molding bottles used for the filling of high-temperature beverages. 

PET is prepared as a base polymer having a degree of polymerization of approximately 
100 by carrying out esterification and polycondensation using terephthalic acid (TP A) and 
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ethylene glycol as the main raw materials, and this base polymer is then subjected to 
crystallization and solid-state polymerization in order to obtain a high-viscosity polymer (having 
an intrinsic viscosity of 0.70 to 1 .0 dL/g). 

Substances such as high-purity isophthalic acid, phthalic acid, 1,4-cyclohexane 
dimethanol, diethylene glycol, and bisphenol derivatives may be used as the main raw materials. 

Important physical properties of the resin include intrinsic viscosity (IV), color, melting 
point, carboxy end groups, diethylene glycol (DEG) content, etc. 

Concerning pellet size, in order to make the degree of crystallization and the melting 
point uniform after polymerization, it is preferable to manufacture the base polymer under as 
sterile conditions as possible beginning from the manufacturing stage, with pellets ordinarily 
being manufactured in a weight range of 1.5 to 3.0 g per 100 pellets. 

As problems such as non-uniform physical properties or unstable material flow may 
occur during the solid-state polymerization process when pellets are made in excessively small 
powder form in order to increase their relative surface area, the particular characteristics of the 
equipment used should also be borne in mind. 

Antimony trioxide and antimony triacetate are used as polymerization catalysts, with a 
mixing ratio of the two substances of 0 : 1,000 to 50 : 50, and the catalyst used must be high- 
purity catalyst (purity of 99.80%) virtually free of insoluble impurities such as Sb n O m (n = 2, 
m = 3 to 5) and metallic components such as Pb and N. 

Moreover, in order to impart thermal stability during postprocessing, phosphorus 
compounds may be mixed in and used together with ethylene glycol in manufacturing, and in 
order to improve resin color, cobalt acetate and tin compounds may be used in specified 
concentrations as cocatalysts. 

Catalysts, cocatalysts, heat stabilizers, etc., may be added immediately before 
esterification or polycondensation, completely dissolving and dispersing them in the ethylene 
glycol, after which precision filtering is carried out using a 1 to 2 \x filter. 

b particular, in order to achieve a uniform melting point and stabilize molecular 
structure, it is extremely important to maintain a uniform concentration and a stable quantitative 
supply of such submaterials. 

Antimony trioxide, antimony triacetate, and germanium oxide may be used as 
polycondensation catalysts either alone or in combination in concentrations of 200 to 
750 ppm/PET, phosphorus compounds may be used as thermal stabilizers in concentrations of 
100 to 200 ppm/PET, and cobalt acetate in a concentration of 50 to 200 ppm and tin compounds 
in a concentration of 10 to 100 ppm may be used as cocatalysts. Phosphates such as trimethyl 
phosphate, triethyl phosphate, and triphenyl phosphate may be used as phosphorus compounds. 
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In the esterification stage, the reaction is carried out at a pressure of approximately 
1.0 kg/cm 2 and a temperature in the range of 245 to 260°C to obtain an oligomer having a degree 
of polymerization of 3 to 10, after which, in the polycondensation stage, the reaction is carried 
out at 275 to 285°C under a high vacuum with a pressure of 1 torr or Jess to manufacture a melt 
polymer with an intrinsic viscosity of 0.57 to 0.67 dL/g and a standard pellet weight of 1.5 to 
3.0g/100 pellets. 

The basic pellets, which have a super bright, fully transparent linear polymer structure, 
are subjected to the various phases of precrystallization, crystallization, and solid-state 
polymerization in order to manufacture a high-viscosity resin having a degree of crystallization 
of 45 to 60 and an intrinsic viscosity of 0.70 to 1.0 dL/g. 

This solid-state resin has a melting point ranging from 245 to 260°C, and it is therefore 
used not only as a material for bottles filled with high-temperature beverages but also in ordinary 
pressurized and non-pressurized containers. 

PET has a glass transition temperature (Tg) of 67 to 81°C, and the temperature at which 
deformation begins to occur is approximately 70°C It has been confirmed that if high heat 
resistance is imparted from the resin manufacturing stage and appropriate heat setting is carried 
out in the container molding process, it is possible to manufacture stable, heat-resistant PET 
containers for hot filling with beverages at much higher temperatures than the range of 85 to 
88°C possible with conventional containers. 

This heat-resistant PET resin is manufactured with an intrinsic viscosity of 0.70 to 
1.10 dL/g, it is then dried to reduce its water content to 50 ppm, and it is molded into a bottle 
using the molding machine described below. The bottle-molding method of the invention is 
described in the following. 

1. Drying of PET pellets 

The pellets are dried for 3 to 6 hours at a temperature of 140 to 180°C so as to reduce 
their water content to 50 ppm or below. 

2. Molding of preform 

The preform is molded at 270 to 295°C. 

3. Crystallization of neck component 

The neck component is crystallized by cooling from a temperature of 100 to 125°C for 
200 to 400 sec with water chilled to a temperature of 10 to 30°C. 

4. Heat setting and blowing 

Primary blowing is first carried out at 15 to 30 kg/cm 2 and 80 to 140°C. 

The heat-setting temperature is set at 160 to 190°C. 

Secondary blowing is carried out at 20 to 45 kg/cm 2 and 80 to 130°C. 
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5. Testing and packaging 

External appearance and transparency tests, heat resistance tests (testing of shrinkage 
5 minutes after filling with hot water at 92°C). 

In order to mold a high-temperature beverage container from pellets obtained by high- 
viscosity solid-state polymerization, the pellets must be dried to a water content of 50 ppm or 
less. The preform is manufactured under injection molder barrel temperature conditions of 270 to 
295°C, after which the mouth portion of the preform (bottle mouth) is crystallized at 100 to 
125°C, cooled, and then sent to the blowing unit. 

The mouth of the bottle is crystallized because it is the first part to come into contact with 
the high-temperature beverage during filling. In the process of molding the mouth component, 
the crystallized preform is heated in the blowing device to 80 to 140°C and subjected to primary 
blowing with compressed air at a pressure of 50 to 30 kg/cm 2 , after which the temperature is 
increased to 160 to 190°C, heat setting is carried out, and secondary blowing is carried out using 
compressed air at a temperature of 80 to 130°C and a pressure of 20 to 45 kg/cm 2 , thus 
manufacturing the completed molded form into a heat-resistant bottle. 

During the testing process, testing of the external appearance of the bottle is carried out, 
including properties such as heat resistance, uniformity of drawing, specimen thickness, and 
bottom gate center properties, and in order to measure heat resistance, the bottle is filled with hot 
water at a temperature of approximately 92°C and left standing for a period of 5 min. or longer, 
the volume before and after filling with hot water is measured, and the shrinkage rate is 
determined. 

Although there are differences among the standards used at various bottle manufacturing 
companies, a tolerance has been adopted of a change in shrinkage rate of 1.5 or less in testing 
with hot water at 92°C. . 

[Working Examples] 

Antimony acetate in the amount of 500 to 700 ppm/PET, cobalt acetate in the amount of 
100 to 150 ppm/PET, triethyl phosphate in the amount of 150 to 200 ppm, and a tin compound in . 
the amount of 10 to 50 ppm were added to high-purity terephthalic acid (TP A) and ethylene 
glycol (EG) to manufacture a resin (polymer), which was then subjected to solid-state 
polymerization up to an intrinsic viscosity of 0.85 to manufacture a 1.5 L juice container. 
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Table 1. Physical properties of melt polymer (base polymer) and solid-state polymer 



Classification 


Intrinsic 
viscosity 
(IV) 


Color 


Carboxyl 
end group 
(Eq/TON) 


Melting 
point 
(°C) 


Acetalde- 
hyde (ppm) 


DEG 
content 
(wt) 


100EA 
weight 
(g) 


Bottle 
shrinkage 
after ■ 
molding ( ) 


L 


b 


Base polymer 


0.654 


51.2 


-0.46 


18.6 


255.8 


55.0 


1.21 


2.5 


0.6 


Solid-state 
polymer 


0.851 


89.0 


2.3 


2.3 


252.8 


0.30 


1.15 


2.5 



* The melt polymer was manufactured by batch polymerization, and the solid-state polymer was manufactured using 
a continuous-type unit. 



Table 2. Molding conditions of heat-resistant bottle 



Molding step 



Pellet drying 



Production conditions 



160°Cx4h 



Injection molder barrel 

temperature 
(preform manufacturing) 



Neck 



Front 



280°C 



Rear 



280°C 



280°C 





Crystallization of neck 
component 


110°Cx300 sec 




Primary blowing 


25 kg/cm 2 xl70°C 


Heat setting 


180°Cx 6 sec 


Secondary blowing 


350 kg/cm 2 x (100- 
104°C) 


Chilled water 


15°C Chilled Water 



Molded bottle 



Volume 



L5 L Juice bottle 



Transparency 



Haze 0.3 
or below 
(favorable) 



Favorable 



Shrinkage 
0.6 
(92°C 

hot 
water) 



As shown in Tables 1 and 2 above, by molding a heat-resistant bottle using resin 
manufactured by the method of the invention, it was possible to obtain a bottle allowing filling of 
a beverage at 92 to 100°C, a much higher temperature than bottles currently on the market, and 
hot-water-induced shrinkage was also confirmed to be outstanding, with a value of 1. 



Page 7 



Effect of the Invention 

In contrast to conventional molded fruit drink bottles, which ordinarily can be filled with 
hot beverages at temperatures of 85 to 88°C, the invention provides a polyester resin that allows 
manufacturing of a heat-resistant bottle that has raw materials with improved internal density, 
allows filling temperatures over a broad range, does not show deformation at temperatures of 90 
to 95°C, and shows a broad range of thermal resistance over a range of 85 to 100°C. 

(57) Claims 

Claim 1 

A method for manufacturing a polyester resin having a linear polymer structure by 
polyester polymerization of dimethyl terephthalic acid and dimethyl terephthalate (DMT) with 
ethylene glycol, characterized in that said polyester resin can be used to manufacture heat- 
resistant bottles that allow filling of high-temperature liquids at temperatures of 90°C or above 
and show container volume shrinkage of 1 .5 or less. 

Claim 2 

The method for manufacturing a polyester resin for use in heat-resistant containers 
according to Claim 1, 

characterized in that antimony trioxide, antimony triacetate, or germanium oxide are 
added alone or in combination in amounts of 200 to 750 ppm/PET as polycondensation catalysts, 
a phosphorus compound is added in the amount of 100 to 200 ppm/PET as a heat stabilizer, and 
cobalt acetate in the amount of 50 to 200 ppm or a tin compound in the amount of 10 to 100 ppm 
are added as cocatalysts. 

Claim 3 

The method for manufacturing a polyester resin according to Claim 2, 
characterized in that the above phosphorus compound is trimethyl phosphate, triethyl 
phosphate, or triphenyl phosphate. 



Page 8 



Claim 4 



The method for manufacturing a polyester resin for use in a heat-resistant fruit juice 
beverage container according to Claims 1 or 2, 

characterized in that high-purity isophthalate, phthalic acid, 1,4-cyclohexane dimethanol, 
diethylene glycol, j)r bisphenyl derivatives are used as additives. 

Claim 5 

The method for manufacturing a container for high-temperature filling at 90° or above 
according to Claims 1 or 2, 

characterized in that, in manufacturing of a PET resin having the physical properties of 
intrinsic viscosity of 0.5 to 1 .0 and a melting point of 245 to 260°C, a preform is molded at 275 
to 295°C, a neck component is subjected to crystallization at 100 to 200°C, heat setting is carried 
out at 160 to 200°C, and multistage blowing is carried out at a temperature of 90 to 120°C and a 
pressure of 20 to 40 kg/cm 2 . 
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Abstract 

No abstract 

Specification 

[Title of the Invention] 

A method for manufacturing a polyester resin for use in food containers. 

[Detailed Description of the Invention] 

The invention relates to a method for manufacturing a polyester resin for use in food 
containers, and more specifically, an economical method for the manufacture, without using 
solid-state polymerization, of a polyester resin suitable for use in containers for carbonated 
beverages, bottled water, and fruit drinks, etc., in which, during manufacturing of the polyester 
polymer, an inert gas is blown into the melt to form prepolymer pellets containing air bubbles, 
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said pellets are heated, and a vacuum is simultaneously applied in order to manufacture polymer 
pellets, after which crystallization and drying are carried out. 

There is currently a dramatic increasing trend in the demand for polyester resins for use 
in food containers, and in order to meet this demand, melt polymerization followed by solid-state 
polymerization has conventionally been used in manufacturing these polyester resins, 
particularly polyethylene terephthalate (abbreviated in the following as PET), in order to impart 
various physical properties to the resin. 

In manufacturing of PET in particular, the advantages of solid-state polymerization of 
polyester resins include increased strength due to the formation of high-molecular-weight 
compounds and the elimination of acetaldehyde, which adversely affects the taste of food. With 
the recent development of melt polymerization methods, it has become possible to easily obtain 
polymers having a sufficient molecular weight for use in containers by means of processes in 
which melt polymerization is used, without the solid-state polymerization process, but it has not 
yet been possible to solve the problem of impaired taste. 

The inventors of the invention therefore conducted research on methods for economically 
manufacturing polyester resins for use in food containers without carrying out solid-state 
polymerization, developing a process in which an inert gas is blown in during the melt 
polymerization process in order to manufacture polymer pellets that are then crystallized and 
dried, thus arriving at the invention. 

The object of the invention is to provide a new method for manufacturing polyester resin 
for use in food containers without using the solid-state polymerization process. 

The following is a detailed description of the invention. 

The invention relates to a method for manufacturing a polyester resin for use in food 
containers in which, during manufacturing of the polyester polymer, an inert gas is blown into 
the melt to form polyester prepolymer pellets containing air bubbles, said pellets are heated 
under a vacuum to obtain popcorn-type polymer pellets, after which crystallization and drying 
are carried out. 

The following is an explanation of the invention in greater detail. 

The invention relates to a process in which a polyester resin for use in food containers is 
manufactured by means of the method of blowing an inert gas into the melt polymer during the 
melt polymerization process. During this process, the inert gas is blown in from the bottom of the 
polymerization reactor during melt polymerization in order to form polyester prepolymer pellets 
containing air bubbles, the pellets are crystallized by increasing the temperature from room 
temperature under a vacuum, causing the pellet-shaped chips to break up and take on the 
appearance of popcorn, these popcorn-like polyester polymers are crystallized, and acetaldehyde 
is removed. 
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The melt polymerization of the polyester of the invention is carried out according to a 
method commonly known to the one skilled in the art, and the reaction temperature, catalysts, 
catalyst content, and stabilizers used are all well-known in the literature and in the field of 
polyester prepolymer manufacturing. 

The polyester prepolymer used in the invention is a commonly-known polymer mainly 
containing PET or 80 mol % or more of ethylene terephthalate structural units, and polyesters 
allowing solid-state polymerization, such as polyethylene isophthalate, polycyclohexane 
diethylterephthalate, and polyethylene naphthalate may also be used. 

Moreover, the polyester prepolymer may also contain dicarboxylic acids or ester 
compounds thereof such as isophthalic acid, dimethylisophthalate, orthophthalic acid, 
diethylorthophthalate, naphthalene dicarboxylic acid, or dimethyl naphthalene dicarboxylate and 
polymer compounds such as 1,4-butane diol, neopentyl glycol, 1,4-cyclohexane dimethanol, and 
propylene glycol. 

The polyester prepolymer pellets used in the invention are manufactured by blowing an 
inert gas into the polymer melt in order to carry out pelletization, with this process being carried 
out from 60 minutes prior to completion of the polycondensation until the reaction is completed, 
or more preferably, until the completion of polycondensation. 

In this case, an inert gas such as nitrogen, argon, helium, or neon may be used, with 
nitrogen being the preferred substance. The volume of the inert gas blown in should be 0.1 to 
5,000%, and preferably 0.5 to 300%, with respect to the volume of the polymer melt. An 
extrusion die for direct blowing and distribution of the inert gas may be installed for blowing the 
inert gas into the polyester prepolymer. ' 

The polyester pellets containing the inert gas used in manufacturing according to the 
above method are then placed under a vacuum during the crystallization stage, thus molding 
them into chips having the appearance of popcorn. The degree of vacuum used is 10 torr or less. 

In this case, if the above vacuum is greater than 10 torr, it will take too long to form the 
popcorn-shaped chips, producing an unfavorable result. A suitable temperature range is 75 to 
230°C, and preferably 100 to 180°C. If the temperature is too low, the popcorn chips will not be 
formed, and if it is too high, although crystallization will take place, the formation of the 
popcorn-shaped chips will not occur. 

It is important to note that the bubbles in the prepolymer must have popped before 
crystallization takes place. If crystallization is carried out before the bubbles inside the 
prepolymer have popped, it will have a shape identical with that of ordinary polyester 
prepolymers, and the popcorn-shaped chips will not form. 

In manufacturing of the popcorn-shaped polyester resin by the above method, these 
polyester pellets will typically be heated for 5 to 300 minutes at 120 to 180°C and crystallized 
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with a target degree of crystallization of 20% or more. Adhesion of the polyester pellets is 
prevented in the drying process. 

A dehumidifying dryer can be used to decrease the acetaldehyde content of the popcorn- 
shaped polyester resin crystallized as described above. In carrying out drying to remove 
acetaldehyde, the temperature is increased to 160 to 200°C, and the polyester resin is then passed 
through the dehumidifying dryer for 2 to 20 hours, and preferably 3 to 10 hours, making it 
possible to decrease its acetaldehyde content to 1 ppm or below. If the above drying, for the 
purpose of the removal of the acetaldehyde, is carried out at 160° or below, the acetaldehyde- 
removing effect will be small, and if the temperature exceeds 200°C, the color of the polyester 
resin will change and thermal decomposition and oxidative decomposition will occur. Moreover, 
the dew point of the dehumidified air used in this case should be -20°C or below, and preferably 
-40°C or below, and the volume used should be 0.05 to 1,000 L per kg of the polyester resin. 

In addition to dehumidified air, the above acetaldehyde removal process may also be 
carried out using a vacuum or inert gas, with suitable inert gases including nitrogen, carbon 
dioxide, helium, argon, and neon. The intrinsic viscosity of the polyester resin according to the 
invention should be in the range of 0.6 to 1.3 dL/g in order to maintain the physical properties of 
the container. 

Using the method of the invention, a polyester resin for use in food containers can be 
manufactured by an economical method that does not require the use of solid-state, 
polymerization. In addition to polyester resin, the method can also be used for the removal of 
impurities such as volatile substances from all resins. 

The following is an explanation of the invention in further detail by means of working 
examples, but the invention is by no means limited by these examples. 

In Working Examples 1-6 and Comparison Examples 1-3 below, the intrinsic viscosity of 
the manufactured PET polymer pellets and PET resin was measured at 30°C using a mixed 
solvent composed of phenol/tetrachloroethane (in a ratio 6 : 4 by weight). Furthermore, in order 
to measure the acetaldehyde content of the PET polymer pellets and PET resin, 5 g of PET 
pellets or PET resin was frozen using liquid nitrogen and pulverized, 1.0 g of the pulverized 
sample was placed in a tube and heated for 10 minutes at 160°C, a 5 rnL sample was removed 
from the tube, and this sample was measured by gas chromatography. 

Working Example 1 

5 minutes prior to the completion of the polycondensation of polyethylene terephthalate 
(PET) polymer, 5 vol. % of nitrogen with respect to the volume of PET polymer was injected via 
the bottom of the reactor, the mixture was stirred, and extrusion and cutting were carried out to 
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obtain round pellets measuring 3x3x2 mm. The intrinsic viscosity of the PET polymer pellets 
was 0.75 dL/g, and their acetaldehyde content was 46 ppm. 

50 g of prepolymer chips containing round bubbles were placed in a rotatory vacuum 
distiller and heated under a vacuum at 120°C for 30 minutes. In order to convert the PET 
polymer pellets into a popcorn shape, the temperature was continuously increased to 140°C and 
crystallization was carried out for 60 minutes. 

After this, in order to remove the acetaldehyde, the vacuum was released, the temperature 
was increased to 170°C, and air with a dew point of -42°C was passed through zeolite at a rate of 
50 mL per minute for 4 hours. The acetaldehyde content of PET resin subjected to the above 
process was 1.3 ppm. 

Working Example 2 

The same method as in Working Example 1 was used, except that the temperature for the 
acetaldehyde removal was set at 170 to 180°C. The acetaldehyde content of PET resin subjected 
to this process was 0.9 ppm. 

Working Example 3 

The same method as in Working Example 1 was used, except that the temperature for the 
acetaldehyde removal was set at 170 to 180°C. The acetaldehyde content of PET resin subjected 
to this process was 0.8 ppm. 

Working Example 4 

The same method as in Working Example 1 was used, except that during drying, for the 
purpose of the removal of the acetaldehyde, the dehumidified air was passed through for 6 hours 
rather than 4 hours. The acetaldehyde content of PET resin subjected to this process was 
1.0 ppm. 

Working Example 5 

The same method as in Working Example 2 was used, except that during drying, for the 
purpose of the removal of the acetaldehyde, the dehumidified air was passed through for 6 hours 
rather than 4 hours. The acetaldehyde content of PET resin subjected to this process was 
0.8 ppm. 
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Working Example 6 

The same method as in Working Example 3 was used, except that during drying, for the 
purpose of the removal of the acetaldehyde, the dehumidified air was passed through for 6 hours 
rather than 4 hours. The acetaldehyde content of PET resin subjected to this process was 
0.5 ppm. 

Comparison Example 1 

PET resin pellets were manufactured by means of the usual method without injecting 
inert gases during polycondensation of the PET polymer. The intrinsic viscosity of the PET was 
0.76 dL/g. These PET resin pellets were placed in the same rotatory vacuum distiller used in 
Working Example 1, and while heating to 120°C, crystallization was carried out for 30 minutes 
under a vacuum. After this, the vacuum was released, the temperature was increased to 170 9 C, 
and air having a dew point of -42°C was passed through at a rate of 50 mL per minute for 
4 hours. The acetaldehyde content of PET subjected to this process was 1.85 ppm. 

Comparison Example 2 

The same method as in Comparison Example 1 was used, except that the temperature 
during acetaldehyde removal was set at 170 to 180°C. The acetaldehyde content of PET resin 
subjected to this process was 14.1 ppm. 

Comparison Example 3 

The same method as in Comparison Example 1 was used, except that the temperature 
during acetaldehyde removal was set at 170 to 180°C. The acetaldehyde content of PET resin 
subjected to this process was 11.3 ppm. 

(57) Claims 

Claim 1 

A method for manufacturing a polyester resin for use in food containers, characterized in 
that, in the process of manufacturing the polyester polymer, an inert gas is blown into the 
polymer melt to form polyester prepolymer pellets containing air bubbles, and while these are 
heated at 100-180°C, a vacuum of 10 torr or less is applied to form the polymer pellets into a 
popcorn shape, after which crystallization and drying are carried out. 
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Claim 2 

The method for manufacturing a polyester resin for use in food containers according to 
Claim 1 , characterized in that the aforementioned polyester prepolymer contains polyethylene 
terephthalate or 80 mol % or more of ethylene terephthalate structural units. 

Claim 3 

' The method for manufacturing a polyester resin for use in food containers according to 
Claim 1, characterized in that the above drying is carried out at a temperature of 160-200°C. 
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PREPARATION OF POLYESTERS EMPLOYING ANTIMONY CATALYSTS AND ACIDIC 
PHOSPHORUS COMPOUNDS 



RELATED APPLICATION 

This application is related to International Application [Needle & Rosenberg 
Docket No. 05015.0233/P] filed concurrently herewith, which is incorporated herein 
1 0 by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to processes for producing polyester resins and in 
15 particular polyethylene) terephthalate (PET) containing low levels of phosphorus 
containing additives that is suitable for use in a variety of applications including the 
manufacture of articles such as containers. 



BACKGROUND OF THE INVENTION 

20 

It is well known in the art that polyesters such as polyethylene terephthalate) 
(PET) are useful for many packaging applications. In fact, PET or modified PET is a 
polymer of choice for making beverage and food containers, particularly carbonated 
beverage containers. 

25 

Polyethylene terephthalate) may be derived from multistep processes well 
known in the art which may include the direct esterification of ethylene glycol and 
terephthalic acid. In addition, it is known that PET can be modified with additional 
acidic and/or glycol comonomers, e.g., isophthalic acid (or dimethyl isophthalate), 
30 1 ,4-cyclohexanedimethanol (CHDM), and the like. Modifying PET with additional 
comonomers may improve some of the physical properties of the resulting polyesters 
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and provide particularly desired properties in an article formed from the polyester 
particularly in the areas of crystallization and processability. 

Polyesters such as PET are typically formed via three-stage processes. The 
5 three preferred stages are often referred to as the esterification stage, the prepolymer 
stage, and the polycondensation stage. 

Each of the stages can employ catalysts and certain additives. For example, 
since both the prepolymer stage and the polycondensation stage employ the same 

10 basic reaction, a variety of polycondensation catalyst systems are recognized in 
connection with the prepolymer and polycondensation stages. Examples of such 
catalysts includes titanium, gallium, germanium, tin, and antimony compounds. The 
use of additives is also known in the art. Additives that are recognized in the art 
include phosphorus-containing stabilizers such as phosphates and phosphoric acid. In 

15 this regard, such phosphorus-containing additives are considered interchangeable. 

As background in this regard, attention is directed towards the following 
patents that discuss the use of phosphorus-containing additives: 

20 U.S. Patent 4,499,226, issued Feb. 12, 1985, and assigned to Goodyear Tire & 

Rubber Company, discloses process for producing high clarity colorless polyesters 
which include the use of polycondensation catalysts, cobalt-containing compounds 
and phosphorus-containing additives. 

25 German Patent Application 195 37 930 Al, opened to public inspection on 

April 17, 1997, and assigned to Zimmer, AG, also discloses a continuous process for 
the production of transparent polyesters in which unpurified diol that has been 
eliminated during the polycondensation stage can be internally recycled into the 
process. 

30 
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U.S. Patent 4,1 10,316, issued Aug. 29, 1978 and assigned to E.L Du Pont de 
Nemours and Company, discloses a process for producing fiber-forming polyester 
from ethylene glycol and terephthalic acid that includes the use of color inhibitors 
such as phosphoric acid and triphenyl phosphite. 

5 

U.S. Patent 5,243,022, issued Sept. 7, 1993 and assigned to Korea Institute of 
Science and Technology, discloses a method for forming polyesters that involves 
forming prepolymers from a first portion of esterification product in the presence of 
certain catalysts and stabilizers. The prepolymers are then polycondensed together 
10 'with a second portion of esterification product to form the polyester. 

U.S. Patent 5, 235,027, issued Aug. 10, 1993 and assigned to Zimmer 

Aktiegesellschaft, discloses aprocess for making a modified copolyethylene j 

terephthalate that includes the addition of a phosphorus-oxygen compound before \ 

15 polycondensation in an amount that corresponds to a Sb: P weight ratio of at least | 

four. | 

i 

i 

i 

However, careful consideration of the art reveals serious errors, I 

i 

inconsistencies and contradictions in the way the art views phosphorus-containing < 

1 

20 additives, particularly the use of low levels of acidic additives in polyester formation. i 
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SUMMARY OF THE INVENTION 



The present invention is based, in part, on the surprising discovery that the 
5 choice of phosphorus-containing additive, when employed in connection with certain 
polymerization catalysts, can have a significant impact on reaction rate of the 
polymerization process as well as the clarity of the resulting polyester. Further, it was 
surprisingly found that the optimal relative addition sequence of the catalyst and 
phosphorus-containing additive was impacted by the both choice and level of 
10 phosphorus-containing additive. 

One aspect of the present invention involves a process for making a polyester 
resin including the steps of: 

(a) esterifying at least one dicarboxylic acid component and at least one 
15 diol component; and 

(b) polymerizing the product of step (a) under conditions effective to 
provide a polyester resin, 

wherein the polymerization step (b) occurs in the presence of (i) an antimony-based 
polymerization catalyst and (ii) an acidic phosphorus-containing additive, with the' 
20 additive (ii) being added prior to the catalyst (i) so as to provide a polyester resin that 
is at least substantially free of inorganic compounds formed from a reaction of the 
catalyst (i) and additive (ii). The amount of additive is preferably not greater than 
about 45 ppm based on elemental phosphorus in the resulting polyester. 

25 In addition the process can include a prepolymer stage between steps, (a) and 

(b). The process can further include additional step such as solid-phase 
polymerization of the polyester resin from step (b). Moreover, the polymerization step 
(b) is preferably performed in the absence of added cobalt compound(s). 
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Another aspect of the present invention relates to a process that includes (a) 
esterifying at least one dicarboxylic acid component and at least one diol component; 
and 

polymerizing the product of step (a) under conditions effective to provide a polyester 
5 resin, wherein the polymerization step (b) occurs in the presence of (i) an antimony- 
based polymerization catalyst and (ii) an acidic phosphorus-containing additive, with 
the catalyst (i) being added after, the additive (ii), and the acidic phosphorus 
containing additive (ii) is added sufficiently before the polycondensation catalyst (i) 
such that the additive (ii) can react with the at least one diol. 

10 

Yet another aspect of the present invention include process for making 
polyester resin that includes (a) esterifying at least one dicarboxylic acid component 
and at least one diol component; and (b) polymerizing the product of step (a) 
under conditions effective to provide a polyester resin, wherein the polymerization 
15 step (b) occurs in the presence of (i) an antimony-based polymerization catalyst and 
(ii) an acidic phosphorus-containing additive, with the catalyst (i) being added after, 
the additive (ii), because of the order of additive employed in the present invention, 
the reaction rate of the polymerization step (b) is relatively insensitive to the level of 
additive (ii). 

20 

In another aspect, the present invention relates to a polyester, and in particular, 
a polyethylene terephthalate) (PET) resin or a modified PET resin which is preferably 
made by the inventive process. In this regard, the polyester contains elemental 
phosphorus in an amount not greater than 45 ppm and organic toners in an amount of 
25 about 0.5 to about 10 ppm. Moreover, polymer resulting from step (b) is preferably at 
least substantially free of antimony phosphate compounds. The polyester resin 
preferably has an intrinsic viscosity of about 0.4 to 1 .2 dL/g measured at 25 C by 
dissolving 250 mg of polyester in 50 mL of a solvent consisting of a 60:40 ratio by 
weight of phenol and 1,1,2,2-tetrachloroethane. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the effect on phosphorus level on DEG level of the 
esterification product when phosphoric acid is added before esterification stage; 

5 

Fig. 2 illustrates the effect on reaction rate, as represented by time in the 
polycondensation stage, of changing phosphorus and antimony levels when acidic 
phosphorus-containing compounds are introduced prior to the antimony catalyst; 

1 0 Fig. 3 illustrates the effect on reaction rate, as represented by time in the 

polycondensation stage, of changing phosphorus and antimony levels when acidic 
phosphorus-containing compounds are introduced after the antimony catalyst 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention relates to a process for making polyester resins and in 
particular, polyethylene terephthalate), which employs the use of acidic phosphorus- 
containing additives. The amount, and point of introduction, for the acidic 
20 phosphorus-containing additives can be optimized so as to provide for an improved 
process, e.g., a decreased reaction time, and a desired product, e.g., a polyester having 
improved clarity. 

In one preferred aspect, it has been surprisingly discovered that acidic 
25 phosphorus-containing additives such as phosphoric acid, do not react in the same 
manner as non-acidic phosphorus-containing compounds, such as phosphate triesters. 
In fact, they can have very different, effects on the polymerization stage. For 
example, it has been discovered that where acidic phosphorus-containing compounds 
are introduced prior to certain polymerization catalysts, one can provide for relatively 
30 high reaction rates at certain phosphorus levels. 
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It was also surprisingly found that the process of the present invention can 
provide for the reduction, arid possibly even elimination, of antimony phosphate 
crystals in the resulting polyester. This ability to reduce the amount, size or both of 
antimony phosphate crystals can effectively reduce the particulate haze in the 
polyester. 

With the foregoing in mind, the polyesters may be prepared in accordance with 
techniques that are recognized in the art. To this end, polyesters are any crystallizable 
polyester homopolymer or copolymer, preferably those polyesters suitable for use in 
packaging, and particularly food packaging. 

Suitable polyesters are generally known in the art and may be formed from 
aromatic dicarboxylic acids, esters of dicarboxylic acids, anhydrides of dicarboxylic; 
esters, glycols, and mixtures thereof. More preferably the polyesters are formed from 
diacids such as terephthalic acid, isophthalic acid, and 2,6-naphthalenedicarboxylic 
acid, and mixtures thereof, and diols such as ethylene glycol, diethylene glycol, 1,4- 
cyclohexane dimethanol, 1,4-butanediol, and mixtures thereof, i 

As discussed above the process of the present invention can produce the 
produce the polyesters and "modified" polyesters. By "modified" it is meant that the 
preferred diacids and/or diols are substituted with one or more diacid or diol 
components. For example, the preferred diol, e.g., ethylene glycol in the case of PET, 
is substituted with one or more diols and/or the preferred acid component, e.g., 
terephthalic acid, in the case of PET, is substituted with one or more acid components. 

Specifically, the dicarboxylic acid component of the polyester may optionally 
be substituted with up to about 20 mole percent of one or more different dicarboxylic 
acids. Such additional dicarboxylic acids include aromatic dicarboxylic acids 
preferably having 8 to 14 carbon atoms, aliphatic dicarboxylic acids preferably having 
4 to 12 carbon atoms, or cycloaliphatic dicarboxylic acids preferably having 8 to 12 
carbon atoms. Examples of dicarboxylic acids to be included with terephthalic acid 
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are: phthalic acid, isophthalic acid, naphthalene-2,6-dicarboxylic acid, 1,4- 
cyclohexanedicarboxylic acid, 1,3-cyclohexanedi-carboxylic acid, stilbene 
dicarboxylic acid, cyclohexanediacetic acid, 1,12-dodecanedioic acid, diphenyl-4, 4'- 
dicarboxylic acid, succinic acid, glutaric acid, adipic acid, azelaic acid, sebacic acid, , 
5 mixtures thereof and the like. 

In addition, the glycol component may optionally be substituted with up to 
about 20 mole percent, of one or more different diols other than ethylene glycol. Such 
additional diols include cycloaliphatic diols preferably having 6 to 20 carbon atoms or 

10 aliphatic diols preferably having 3 to 20 carbon atoms. Examples of such diols 

include: diethylene glycol, triethylene glycol, 1,4-cyclohexanedimethanol, propane- 
1,2-diol, propane-l,3-diol, butane- 1,4-diol, pentane-l,5-diol, hexane-l,6-diol, 3- 
methylpentanediol-(2,4), 2-methylpentanediol-(l ,4), 2,2,4-trimethylpentane-dioi-( 1 ,3), 
2-ethylhexanediol-( 1 ,3), 2,2-diethylpropane-diol-(l ,3), hexanediol-(l ,3), 1 ,4-di- 

1 5 (hydroxyethoxy)-benzene, 2,2-bis-(4-hydroxycyclohexyl)-propane, 2,4-dihydroxy- 
1 ,1,3,3-tetramethyl-cyclobutane, 2,2-bis-(3-hydroxyethoxyphenyl)-propane, 2,2-bis- 
(4-hydroxypropoxyphenyl)-propane, 1,2-cyclohexanediol, 1,4-cyclohexanediol, 
mixtures thereof and the like. Polyesters may be prepared from two or more of the 
above diols. Moreover, the foregoing diols may be in their cis- form, trans- form or 

20 mixtures thereof. 

The process of the present invention can employ art-recognized steps or stages 
in forming polyesters. In the context of the present invention, the preferred stages are: 

(1) an esterification stage, including but not necessarily limited to direct 
25 esterification; and 

(2) a polymerization stage, including but not limited to a polycondensation 
reaction. 

Moreover, a prepolymer stage also including but not limited to 
polycondensation, is preferably performed between the esterification and 
30 polymerization stages. 



\W0 01/14452 



PCT/US99/19385 



9 

Although the singular may be used in connection with the various stages, each 
of stages may include one or more steps or substages. For example, the esterification 
and/or prepolymer stages may each include one or more reaction steps or substages 
having differing reaction conditions, e.g., progressively lower pressures and 
5 temperature. Finally, although these stages are generally recognized in the art, 
preferred conditions are set out below for convenience and clarity. 

In this regard, the esterification stage typically involves heating a mixture of 
one or more dicarboxylic acids, preferably aromatic dicarboxylic acids, and one or 

10 more diols under suitable conditions and in the optional presence of esterification 
catalysts. Examples of such conditions include temperatures in the range of about 
200°C to about 300°C, preferably 240°C to about 280°C, and pressures of about 0 to 
about 100, preferably about 0 to about 50 psig The optional esterification catalysts: 
can be used alone or in combination. When used the total amount of catalyst is less 

15 than about 200 ppm, more preferably less than 100 ppm, on an elemental basis in the 
resulting polymer. It is more preferred that no catalyst be employed. Suitable 
colorants may also be added at this point to control the final color of the polyester. 
The reaction is typically conducted for about 1 to about 4 hours. It should be 
understood that generally the lower the reaction temperature, the longer the reaction 

20 will have to be conducted. 

The esterification stage typically produces a monomer and oligomer mixture 
continuously in a series of one or more reactors. Alternately, the monomer and 
oligomer mixture could be produced in one or more batch reactors. 

25 

In a prepolymer stage, the mixture of polyester monomer and oligomers 
undergoes a suitable polymerization step, typically melt-phase polycondensation, to 
produce a low molecular weight precursor polymer. The precursor polymer is 
produced in a series of one or more reactors operating at elevated temperatures. This 
30 can involve the a single stage, or one or more substages. To this end, the prepolymer 
stage can involve the use of one or more reactors operated continuously, one or more 
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batch reactors or even one or more reaction steps or substages performed in a single 
reactor vessel. 

The precise reaction conditions are dependent upon the nature of the reactants 
5 and the final product. However, to facilitate removal of excess glycols, water, 

alcohols, aldehydes, and other reaction products, the reactors are typically run under a 
vacuum or purged with an inert gas. Inert gas is any gas which does not cause 
unwanted reaction or product characteristics at reaction conditions. Suitable gases 
include, but are not limited to CO2, argon, helium and nitrogen. The prepolymer stage 
10 is typically conducted at a temperature less than about 300°C, and preferably between 
about 240°C and about 290°C at a pressure sufficient to aid in removing reaction 
products such as ethylene glycol. 

The next stage, which is the polymerization stage, also typically involves the 
15 melt-phase pblycondensation of the prepolymer product Although the polymerization 
stage typically involves the same basic chemistry as the prepolymer stage, the fact that 
the size of the molecules, and thus the viscosity differs, means that the reaction 
conditions also differ. A wide variety of reaction conditions, are employed in the art, 
and as such they all will not be described here. However, the present invention 
20 contemplates the use of the wide range of polymerization options that are recognized 
in the art as being suitable for use with polyesters. 

The primary requirement for the polymerization stage according to the present 
invention is that it be performed in the presence of both a suitable catalyst and a 
25 phosphorus additive. In the context of this invention, the additive is introduced prior 
to the catalyst. While the exact point of introduction for the additive is not critical as 
long as the additive can suitably react with the diol(s) prior to introduction of the 
catalyst. According to the present invention, catalyst is added any point after the 
additive 
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In some embodiments, it is preferred that the additive be introduced, during, 
the esterification stage, or prior to or during a prepolymer stage. It is also preferred 
that the catalyst be introduced at any point after the additive and preferably, 
immediately prior to, or during, the prepolymer stage as long as it is introduced before 
5 the polymerization stage and sufficiently after the additive to allow the additive to 
react with the diol(s). Where more than one reaction step or sub-stage is employed in 
the prepolymer stage, it is more preferred to have the phosphorus introduced in a 
substage prior to the substage when the catalyst is added. 

10 Where the additive is introduced prior to or during the esterification stage, the 

amount of DEG can be controlled. That is, the later the additive is introduced the less 
DEG would be expected to be produced. Steps could be taken to reduce the level of 
DEG formed. The addition point of the acidic phosphorus-containing additive may.be 
optimized to reduce DEG formation. The rate of diethylene glycol formation is 

15 mainly proportional to the concentration of ethylene glycol (EG) end groups. As 
esterification progresses, the DEG will increase, and there will be fewer EG end 
groups. Adding the acidic phosphorus-containing compound later in the process may 
minimize DEG formation. Moreover, there are a variety of art-recognized techniques 
for reducing the DEG concentration including that discussed in U.S. Patent No. 

20 5,252,5 13, which is incorporated by reference in its entirety. 

In addition, where the phosphorus additive is added during esterification, it is 
preferred that the additive be introduced late in the stage, preferably after 90%, more 
preferably after 95% and still more preferably after 98% conversion in the selected 
25 stage. 

As examples of suitable addition sequences were more than one esterification 
sub-stage is employed, phosphoric acid may be added between the first and second 
esterification stage while the antimony is added after the second esterification stage 
30 and before the first prepolymer stage. Further, phosphoric acid may be added after the 
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last esterification stage and before the first prepolymer stage while the antimony is 
added during the prepolymer stage. 

Where more than one reaction step or sub-stage is employed in the prepolymer 
5 stage, it is more preferred to have the catalyst introduced prior to the final reaction 
step a sub-stage in order to provide optimal mixing time prior to the polymerization 
step. 

The preferred polymerization catalyst for use in the process of the present 
10 invention is an antimony-based polymerization catalyst. Suitable antimony based 
catalyst include antimony (EI) and antimony (V) compounds recognized in the art and 
in particular, diol-soluble antimony (HI) and antimony (V) compounds. Other suitable 
compounds include those antimony compounds that react with, but are not necessarily 
soluble in, the diols, with examples of such compounds including antimony (HI) 
15 oxide. 



Specific examples of suitable antimony catalysts include antimony (HI) oxide 
and antimony (III) acetate, antimony (III) glycolates, antimony (HI) ethyleneglycoxide 
and mixtures thereof, with antimony (HI) oxide being preferred. 

20 

The preferred amount of catalyst added is that effective to provide an 
elemental antimony level of between about 75 and about 400 ppm by weight of the 
resulting polyester. 

25 The phosphorus-containing additive employed in the present invention can be 

any acidic phosphorus-containing compound recognized in the art. Suitable examples 
I of such additives include phosphoric acid, phosphorous acid, polyphosphoric acid, 
acidic phosphite esters, acidic phosphate esters such as phosphate mono- and di- 
esters, and mixtures thereof, among others. 
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The acidic phosphorus-containing additive is present in an amount effective to 
provide a desired reaction rate. When a desired amount of acidic phosphorus- 
containing additive is added prior to the antimony catalyst, the polymerization rate can 
be largely insensitive to phosphorus level and can even be optimized for certain 
5 phosphorus levels. For example, it was found for antimony catalyst corresponding to 
elemental antimony levels on the order of 210 ppm, and the phosphorus levels were 
. about 20-25 ppm, reaction rates were comparable or better than reaction rates after the 
reverse addition order. 

10 The acidic phosphorus-containing additive can also be present in an amount 

effective to provide a polyester resin that is at least substantially free of inorganic 
compounds that are reaction products of the catalyst and the additive and can cause 
haze in the polyester. That is, under certain conditions, a polycondensation catalyses) 
and an acidic phosphorus-containing additive(s) can react with each other to produce 

15 certain inorganic compounds, such as antimony phosphate. Such inorganic 
compounds can cause particulate haze in polyesters. 

When acidic phosphorus-containing compounds are added prior to the catalyst 
in the manner of the present invention, the formation of such inorganic compounds 

20 can also be reduced or even eliminated. When a polycondensation process minimizes 
the formation of such inorganic compounds, the process is more likely to produce 
polyesters without undesirable levels of particulate haze, which precludes clarity. 
Accordingly, the process of the present invention is capable of producing a polyester 
resin "at least substantially free" of such inorganic compounds, and in particular, at 

25 least substantially free of antimony phosphates. 

By "at least substantially free," it is meant that the polyester resin does not 
include levels of the above-discussed inorganic compounds such as antimony 
phosphates; that create a particulate haze which can have a negative visual impact 
30 upon the resin melt or articles formed from the resin. 



\ WO 01/14452 



PCT/US99/19385 



14 

The preferred amount of acidic phosphorus-containing additive is that . 
effective to provide a relatively low elemental phosphorus level, i.e., not greater than 
about 75 ppm based on the weight of the polyester. Suitable levels fall both in the 
"high" end of that range, e.g., about 45 to about 75 ppm, "mid" levels of 20-45 ppm, 
5 and "low" end, of the range, e.g., less than about 15 ppm. Although the chemistry 
does not impose a lower limit, the amount is typically not less than 1 ppm. The 
foregoing amounts are by weight of elemental phosphorus in the resulting polyester. 

The phosphorus-containing additive is preferably introduced in a solution of 
10 the diol(s). To this end, any concentration that is capably providing the desired 

phosphorus level can be employed. Suitable concentrations include those greater than 
about 1 % wt., preferably about 3 to about 15 % by weight of the additive in the diol. 

Temperatures for the polymerization stage are generally between about 240°C 
15 to about 300°C and a pressure between about 0 and about 2 mm Hg. Once the desired 
inherent viscosity (LV.)is reached, the polymer is pelletized. Precursor LV. is 
generally below about 0.7 to maintain good color. The target LV, is generally selected 
to balance good color and minimize the amount of solid stating which is required. 
Preferably, the LV. of a polyester of this invention is from about 0.40 dl/g to about 1.2 
20 dl/g. Inherent viscosity was measured at 25°C using 0.50 grams of polymer per 1 00 
ml of a solvent consisting of 60% by weight phenol and 40% by weight 

tetrachloroethane. 

v. 

The resulting polymer can then be subjected to further polymerization 
25 reaction, e.g., solid phase polymerization (also know as "solid-stating") by techniques 
which are known in the art and as such are not described in detail here. 

Also, although not required, additives normally used in polyesters may be used 
if desired. Such additives include, but are not limited to colorants, pigments, carbon 
30 black, glass fibers, fillers, impact modifiers, antioxidants, stabilizers, flame retardants, 
reheat aids, acetaldehyde reducing compounds and the like. 
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In addition, certain organic toners, e.g., blue and red organic toners, such as 
those described in U.S. Patents 5,372,864 and 5,384,377, which are incorporated by 
reference, can be used. As discussed in these U.S. Patents, specific examples of 
5 suitable blue toners include substituted 1 ,4-bis(2,6-dialkylanilino) anthraquinones) 
while suitable red toners include anthraquinone and anthrapyridone (3-H- 
dibenz[f,ij]isoquinoline-2,7-dione) compounds. The total amount of organic toners in 
the polymer is preferably 0.5 to about 10 ppm. To this end, about 0.5 to about 3 ppm 
of organic red toner(s) and about 1 to about 7 ppm of organic blue toner(s) are more 
10 preferred. 

The polyester is preferably devoid of any added cobalt compounds. That is, 
while certain very minor amounts of certain cobalt compounds may be present in the 
diacid(s) and/or diol(s) starting materials, no cobalt-containing compounds are added 
15 during the process. Moreover, the polyester is preferably devoid of zinc, gallium, and 
silicon compounds. 

While the resin may also contain small amounts of polyfunctional 
(comonomers, e.g., trifunctional or tetrafunctional comonomers such as trimellitic 
20 anhydride, trimethylolpropane, pyromellitic dianhydride, pentaerythritol, and other 
polyester forming polyacids or polyols generally known in the art. The use of such 
polyfunctional comonomers is optional. That is, they may or may not be present. 

The polyesters according to the present invention can be used in forming a 
25 variety of articles including sheets, films, tubing, profiles, preforms, fibers, woven and 
shaped articles, such as containers, and thermoformed articles such as trays and the 
like. 

The present invention will now be described in terms of the following example 
30 which example are offered to illustrate the invention. The examples, however, in no 
way limit the scope of the invention. 
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EXAMPLES 

A. Esterification Procedure 

5 

Terephthalic acid (TP A) was esterified with plant grade ethylene glycol (EG) 
and distilled cyclohexanedimethariol (CHDM), where the CHDM content of the 
copolyester was one and a half mole percent of the total glycols. The esterification 
was done in a continuous unit and was followed by batch-wise polycondensation. The 

10 esterification was carried out in two continuous reactors connected in series (Rl and 
R2). A third vessel (R3) was used as a flash tank and for collection of the 
esterification product. The fixed volume reactors had approximately a 2:1 volume 
ratio with 2230 mL in Rl and 1 100 mL in R2. The feed mole ratio of total glycols to 
terephthalic acid was 1.35. The amount of CHDM in the feed was 1.5 mole percent of 

15 the terephthalic acid in the feed slurry, with the excess diol in the feed slurry being 
ethylene glycol. Slurry ingredients were mixed in a blender and added to a feed tank. 
The feed rate was 10 mL/min. The temperature target in Rl was 262 deg. C. The 
temperature target in R2 was 267 deg. C. The pressure targets for Rl and R2 were 
36.5 PSIG and 18.5 PSIG, respectively. Substantially all the ethylene glycol vaporized 

20 from Rl was condensed and returned directly to Rl . 

In the esterification phase of the designed experiment, the factors being varied 
were additive type and level. The additive was mixed into the TPA/glycol sluny. For a 
summary of the additive or catalyst type and level target for each run, see the table 
25 below. 
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The additive or catalyst solutions were made per the following procedures. A 
phosphorus concentration target of 3.5 wt. % was used for the phosphorus solution. 
5 Phosphoric acid (13.03 g of 85 %, Food Grade, FMC) was weighed into a tared glass 
bottle. Ethylene glycol was added until the total solution weight was 100.00 g. A 
magnetic stir bar was added, and the mixture was stirred. 

A solution of antimony oxide in ethylene glycol was made with a target 
10 antimony concentration of 1 .2 wt. %. Antimony oxide (7.37 g, Fisher) was added into 
a tared, three-necked, 1-L round-bottomed flask. Ethylene glycol was added until the 
total solution weight was 500.00 g. The flask was fitted with a heating mantle, 
condenser, a stopper and a paddle stirrer. The condenser was connected to a nitrogen 
source and vented through a bubbler to keep air from entering the system. An 
15 insulating jacket was placed on the exposed upper portion of the flask. The flask was 
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heated with stirring until the EG was refluxing vigorously. The mixture was held at 
reflux for at least 3 hours. The mixture was cooled and filtered through a 0.22 micron 
cellulose acetate, supported plain filter by Micron Separations, Inc. 

5 Oligomers made with a given additive or catalyst were produced in the 

continuous unit in a block to minimize the magnitude of the transition required. 
Within a block for a given additive or catalyst, the target levels were randomized. In 
the interest of minimizing transitions, the highest target level was not run at the 
beginning of a block. The unit was run for twenty-four hours to make each oligomer. 
10 Product was collected in a nitrogen-purged, covered, steel beaker, surrounded by dry 
ice. The beaker was changed about every three hours. The materials from the last three 
beakers - representing the last 9 hours of a run - were ground and analyzed. Before 
polymerization, the beakers judged to be comparable were combined in a large bag; 
with shaking. 

15 

The carboxyl end groups were determined by titration with base. Additive and 
catalyst levels were measured by X-ray fluorescence (XRF). Degree of polymerization 
and mole % reacted CHDM were obtained by NMR spectroscopy of a phenol and 
1,1,2,2-tetrachloroethane solution. Percent conversion calculations combined carboxyl 
20 end groups and NMR data. After samples were hydrolyzed and silylated, the weight 
percent of diethylene glycol was measured via a gas chromatography method. 
Molecular weights were determined by gel permeation chromatography. 

Example 1 : Esterification in the Presence of a Target of 1 50 ppm Antimony 
25 The slurry put in the feed tank consisted of 3270 g of Amoco TP A, 1 585 g of 

EG, 42.6 g of CHDM, and 46.3 g of antimony solution (x-ray fluorescence 
measurement: 0.0124 g antimony/g solution). Analyses on the esterification product 
(Sample 18) resulted in the following data: carboxyl end groups of 370 meq KOH/kg, 
a percent conversion of carboxyl end groups to ester end groups of 96.3%, a degree of 
30 polymerization of 5.6, an antimony level of 135 ppm, a diethylene glycol (DEG) level 
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of 1 .46 wt. %, a reacted CHDM level of 1 .43 mole %, a number-averaged molecular 
weight of 913 g/mole, and a weight-averaged molecular weight of 1621 g/mole. 

Example 2: Esterification in the Presence of a Target of 250 ppm Antimony 
5 The slurry put in the feed tank consisted of 3270 g of Amoco TP A, 1 556 g of 

EG, 42.6 g of CHDM, and 76.5 g of antimony solution (x-ray fluorescence 
measurement: 0.0125 g antimony/g solution). Analyses on the esterification product 
(Sample 9) resulted in the following data: carboxyl end groups of 378 meq KOH/kg, a 
percent conversion of carboxyl end groups to ester end groups of 96.2%, a degree of 
10 polymerization of 5.5, an antimony level of 232 ppm, a diethylene glycol (DEG) level 
of 1.48 wt. %, a reacted CHDM level of 1.43 mole %, a number-averaged molecular 
weight of 875 g/mole, and a weight-averaged molecular weight of 1640 g/mole. 

Example 3: Esterifi cation in the Presence of a Target of 10 ppm Phosphorus 
15 The slurry put in the feed tank consisted of 3270 g of Amoco TP A, 1630 g of 

EG, 42.6 g of CHDM, and 1.06 g of phosphoric acid solution (x-ray fluorescence 
measurement: 0.0360 g phosphorus/g solution). Analyses on the esterification product 
(Sample 20) resulted in the following data: carboxyl end groups of 343 meq KOH/kg, 
a percent conversion of carboxyl end groups to ester end groups of 96.5%, a degree of 
20 polymerization of 5.3, a phosphorus level of 7 ppm, a diethylene glycol (DEG) level 
of 1 .64 wt. %, a reacted CHDM level of 1 .33 mole %, a number-averaged molecular 
weight of 900 g/mole, and a weight-averaged molecular weight of 1606 g/mole. 

Example 4: Esterification in the Presence of a Target of 62 ppm Phosphorus 
25 The slurry put in the feed tank consisted of 3270 g of Amoco TP A, 1625 g of 

EG, 42.6 g of CHDM, and 6.57 g of phosphoric acid solution (x-ray fluorescence 
measurement: 0.0361 g phosphorus/g solution). Analyses on the esterification product 
(Sample 6) resulted in the following data: carboxyl end groups of 365 meq KOH/kg, a 
percent conversion of carboxyl end groups to ester end groups of 96.3%, a degree of 
30 polymerization of 5.7, a phosphorus level of 48 ppm, a diethylene glycol (DEG) level 



.WO 01/14452 



PCT/US99/19385 



20 

of 1 .95 wt. %, a reacted CHDM level of 1 .30 mole %, a number-averaged molecular 
weight of 899 g/mole, and a weight-averaged molecular weight of 1660 g/mole. 

Per examples 3 and 4, as the phosphoric acid level increased, there was an 
5 increase in the DEG level of the esterification product. This trend is illustrated in 
Figure i, which depicts DEG level versus phosphorus level. 

B. Polymerization Procedure 

10 The melt-phase polymerization stage of the designed experiment was run in 

random order. Esterification products were prepared per the preceding section. 
Ground esterification product (206 g) was weighed into a one-liter, single-necked, 
round-bottomed flask. A 316L stainless steel paddle stirrer and a glass polymer head 
were attached to the flask. After attaching the polymer head to a side arm and a purge 

15 hose, two nitrogen purges were completed. 

The polymerization reactor was operated under the control of a CAMILE™ 
automation system. After a molten bath of Belmont metal was raised to surround the 
flask, the CAMILE™ array was initiated. See the following table for the 
polymerization conditions. 

20 In a CAMILE™ array, a ramp is defined as a linear change of vacuum, 

temperature or stir speed during the specified stage time. After the melting stage (# 2) 
ended, a 5-minute catalyst addition stage (# 3) began, and the appropriate additive or 
catalyst solution was added within the last minute of this stage. The additive and 
catalyst solutions were prepared as described in the Esterification Procedure section. 

25 The stirring system was automatically calibrated after stage four and prior to stage 
five. The finisher stage (#13) was terminated when the power reached 4.75% three 
times. Polymers were cooled to ambient temperature. 
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CAMILE Polymerization Array 



Stage 
Number 


Stage Time 
(min.) 


Temp. 

(°c) 


Vacuum 
(torr) 


Stir Speed 
(rpm) 


1 


0.0 


265 


760 


0 


2 


15 


265 


760 


. 150* 


3 


5.0 


265 


760 


200* 


4 


10 


265 


15* 


200 


5 


1.0 


265 


15 


100* 


6 


47 


275* 


15 


100 


7 


1.0 


275 


15 


50* 


8 


40 


275 


15 


50 


9 


5.0 


275 


1.5* 


50 


10 


5.0 


275 


0.5* 


50 


11 


5.0 


275 


0.5 


50 


12 


1.0 


275 


1.5* 


50 


13 


Variable 


275 


1.5 


50 



* = Ramp 



5 The polymers were chopped and ground to pass a 3 mm screen. Ground 

polymers were shaken on a 40-mesh sieve fitted with a lid and pan. The lid and the 
pan were removed. A second 40-mesh sieve was placed on top of the first. 
Compressed air was blown through the pair of sieves. This dust removal process 
reduced the number of fines that adhered to larger particles during the sieving process. 

10 The fines would solid-phase polymerize quickly and adversely affect comparisons. 
The +40 mesh portion of each polymer was shaken through a series of sieves: 10, 12, 
14, 16, 18 and 20 mesh. The polymer fraction on each sieve was weighed. To 
conserve the +12 to +20 mesh portion of each polymer to be used in solid stating, - 
20/+40 mesh portion of each polymer was used for precursor testing, except for color. 
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For each sieved polymer, the weights on each sieve (except the 10 mesh) were 
compared. For each sieve size, the smallest weight among the samples was noted. 
Combining the smallest weight available for each sieve size, a weight distribution 
common to all the samples was defined. By minimizing particle size differences 
5 among the preparative samples, the standard blend enabled more internally consistent 
solid-stating rate studies. This standard blend had a total weight of 80.5 g where 8.4 
grams were -10/+12 mesh, 32.54 grams were -12/+14 mesh, 20.27 grams were - 
14/+16 mesh, 14.48 grams were -16/+18 mesh, and 4.81 grams were -18/+20 mesh 
grinds. Color was measured on the precursor blend. 

10 

The inherent viscosity (IV) was measured at 25 deg. C by dissolving 0.50 
grams of polymer in 100 mL of 60% phenol and 40% 1,1,2,2-tetrachloroethane by 
weight. Additive and catalyst levels were measured by X-ray fluorescence (XRF), : The 
carboxyl end groups were determined by titration with base. Color was measured 
15 using a HunterLab Color test, which was reported in CIELAB units. The diethylene 
glycol (DEG) level was measured by dissolving 22 to 28 mg of polymer in a solvent 
mixture consisting of 70% chloroform-d and 30% trifluoroacetic acid-d and obtaining 
the NMR spectrum on a 500 MHz instrument. 

i 20 . 

Example 5: Polymerization of Esterification Product #18 H35 ppm Sb) with 
Prepolvmer Addition of 7 ppm of Phosphorus 

Ground esterification product (Sample 18, 206 g) was weighed into a one-liter, 
single-necked, round-bottom flask. Phosphoric acid (0.03 mL of 3.60 wt./wt. % P 
25 solution) was added within the last minute of stage 3. The finisher time (length of 
stage 13) was 93 minutes. Analyses on the polymer resulted in the following data: IV 
of 0.552 dL/g, an antimony level of 1 17 ppm, a phosphorus level of 8 ppm, carboxyl 
end groups of 14.0 meq/kg, a L* color of 89.3, an a* color of -LI, a b* color of 4.5, 
and a DEG level of 1.70 wt.%. 
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Example 6: Polymerization of Esterification Product #18 (135 ppm Sb) with 
Prepolvmer Addition of 49 ppm of Phosphorus 

Ground esterification product (Sample 1 8, 206 g) was weighed into a one-liter, 
single-necked round-bottom flask. Phosphoric acid (0.27 mL of 3.60 wt./wt. % P 
5 solution) was added within the last minute of stage 3. The finisher time (length of 
stage 13) was 224 minutes (3-7 hrs). Analyses on the polymer resulted in the 
following data: IV of 0.564 dL/g, an antimony level of 140 ppm, a phosphorus level of 
48 ppm, carboxyl end groups of 14.1 meq/kg, a L* color of 89.7, an a* color of -1.0, a 
b* color of 5.2, and a DEG level of 1 .73 wt.%. 

10 

Example 7: Polymerization of Esterification Product #9 T232 ppm Sb) with . 
Prepolvmer Addition of 7 ppm of Phosphorus 

Ground esterification product (Sample 9, 206 g) was weighed into a one-liter, single- 
necked round-bottom flask. Phosphoric acid (0.03 mL of 3.60 wt./wt. % P solution) 
15 . was added within the last minute of stage 3. The finisher time (length of stage 13) 
was 60 minutes. Analyses on the polymer resulted in the following data: IV of 0.55 1 
dL/g, an antimony level of 2 1 1 ppm, a phosphorus level of 7 ppm, carboxyl end 
groups of 1 1 .0 meg/kg, a L* color of 89.3, an a* color of -1 .3, a b* color of 4.7, and a 
DEG level of 1.70 wt.%. 

20 

Example 8: Polymerization of Esterification Product #9 f232 ppm Sb) with 
Prepolvmer Addition of 49 ppm of Phosphorus 

Ground esterification product (Sample 9, 206 g) was weighed into a one-liter, single- 
necked round-bottom flask. Phosphoric acid (0.27 mL of 3.60 wt./wt. % P solution) 
25 was added within the last minute of stage 3 . The finisher time (length of stage 1 3) 
was 124 minutes. Analyses on the polymer resulted in the following data: IV of 0.566 
dL/g, an antimony level of 233 ppm, a phosphorus level of 50 ppm, carboxyl end 
groups of 12.9 meg/kg, a L* color of 89.7, an a* color of -1.0, a b* color of 4.1, and a 
DEG level of 1.70 wt.%. 
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Example 9: Polymerization of Esterification Product #20 (1 ppm P) with Preoolvmer 
Addition of 135 ppm of Antimony 

Ground esterification product (Sample 20, 206 g) was weighed into a one-liter, single- 
necked round-bottom flask. Antimony glycolate (2.3 mL of 1 . 1 1 wt./wt. % Sb 
5 solution) was added within the last minute of stage 3. The finisher time (length of 
stage 13) was 104 minutes. Analyses on the polymer resulted in the following data: 
IV of 0.557 dL/g, an antimony level of 122 ppm, a phosphorus level of 8 ppm, 
carboxyl end groups of 10.9 meg/kg, a L* color of 89.8, an a* color of -1.3, a b* color 
of 5.5, and a DEG level of 1.82 wt.%. 

10 

Example 10: Polymerization of Esterification Product #6 (48 ppm ?) with Prepolvmer 
Addition of 135 ppm of Antimony 

Ground esterification product (Sample 6, 206 g) was weighed into a one-liter, single- 
necked round-bottom flask. Antimony glycolate (2.3 mL of 1.1 1 wt./wt. % Sb 
15 solution) was added within the last minute of stage 3 . The finisher time (length of 
stage 13) was 1 19 minutes. Analyses on the polymer resulted in the following data: 
IV of 0.567 dL/g, an antimony level of 123 ppm, a phosphorus level of 43 ppm, 
carboxyl end groups of 14.2 meg/kg, a L* color of 89.3, an a* color of -0.9, a b* color 
of 5.1, and a DEG level of 2.23 wt.%. 

20 

Example 1 1 : Polymerization of Esterification Product #20 (7 ppm P) with Prepolvmer 
Addition of 232 ppm of Antimony 

Ground esterification product (Sample 20, 206 g) was weighed into a one-liter, single- 
necked round-bottom flask. Antimony glycolate (4.3 mL of 1.1 1 wt./wt. %Sb 
25 solution) was added within the last minute of stage 3. The finisher time (length of 
stage 13) was 76 minutes. Analyses on the polymer resulted in the following data: IV 
of 0.567 dL/g, an antimony level of 231 ppm, a phosphorus level of 9 ppm, carboxyl 
end groups of 9.9 meq/kg, a L* color of 89.4, and a * color of -1 .3, a b* color of 5.2, 
and a DEG level of 1 .80 wt.%. 
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Example 12: Polymerization of Esterification Product #6 f48 ppm P) with Prepolvmer 
Addition of 232 pom of Antimony 

Ground esterification product (Sample 6, 206 g) was weighed into a one-liter, single- 
necked round-bottom flask. Antimony glycolate (4.0 mL of LI 9 wt./wt % Sb 
5 solution) was added within the last minute of stage 3 . The finisher time (length of 
stage 13) was 88 minutes. Analyses on the polymer resulted in the following data: IV 
of 0.543 dL/g, an antimony level of 214 ppm, a phosphorus level of 39 ppm, carboxyl 
end groups of 10.5 meq/kg, a L* color of 87.9, an a* color of -0.7, a b* color of 5.3, 
and a DEG level of 2.20 wt. %, 

10 

Per examples 5-8, when phosphoric acid was added to esterification product 
containing antimony (antimony early & phosphoric acid late), the finisher time 
increased significantly with increasing phosphorus level, especially at the lower 
antimony level, hi contrast, examples 9-12 illustrated that when antimony was added 

15 to esterification product containing phosphorus from phosphoric acid i.e., (phosphoric 
acid early & antimony late), the finisher time was relatively insensitive to phosphorus 
level. As the additive level increases, the melt-phase production rate of this process 
will be faster than that of a process adding antimony early and phosphoric acid late. 
The observed finisher times, the phosphorus addition points, and the measured values 

20 of both antimony and phosphorus were used to generate a response surface model 

with JMP TM statistical software. From the response surface model* the contour plots 
shown in Figures 2&3 were generated. The numbers on these figures correspond to 
finisher time in minutes. Figure 2 illustrates the effect on finisher time of changing 
phosphorus levels and antimony levels when phosphoric acid is added just prior to the 

25 prepolymer stage. Figure 3 illustrates the effect on finisher time of changing 

phosphorus levels and antimony levels when phosphoric acid is added up front to the 
TPA/EG/CHDM paste prior to the esterification stage. 

Per examples 9-12, when phosphoric acid was added before the esterification 
30 stage, the diethylene glycol level in the polyester was sensitive to the level of additive 
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present. Therefore, the maximum level of phosphoric acid used can be determined by 
the maximum level of diethylene glycol (DEG) that could be tolerated. 

C. Solid-phase Polymerization 

5 

Two metal solid-staters were used to solid-phase polymerize the precursors. A 
CAMILE™ system controlled conditions in the solid-staters - except for nitrogen 
flow rate, which was controlled manually with a rotameter. Heated nitrogen passed 
through a frit that supported a bed of precursor. The set point for the nitrogen 

10 temperature just below the frit was 205 °C, and the nitrogen flow rate was 14 standard 
cubic feet per hour. Solid-stating rate studies were done in a random order different 
than that used for the melt-phase polymerizations. Prior to each solid-stating rate 
study, the standard particle size blend was thoroughly mixed, and then a 30-gram 
portion of the blend was removed and poured into a metal solid-stater. The bed was 

15 made level. 

A sample of approximately 0.6 grams was removed every 30 minutes for six 
hours. Before each sample was taken, the bed was stirred for 30 seconds using a wire 
whisk attached to a rod. The stirring mixed the sample bed horizontally and vertically 
20 to minimize the effect on IV of particle location in the bed. After a sample of about 
0.6 grams was removed, the bed was leveled. 

After each rate study was complete, about 22 grams of polymer remained in 
the solid-stater; this material was isolated and analyzed. These samples had inherent 
25 viscosities, which ranged from 0.75 to 0.77 dL/g. 

As each rate study was completed, samples were submitted for IV analysis. 
From the IV data, the solid-phase polymerization time to reach the product IV (0.68 
dL/g) for each precursor was determined from a plot of IV as a function of time. For 
30 each precursor, the solid-stating time to 0.68 IV determined the length of the 
preparative solid-stating runs. 
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Preparative solid-stating runs were performed at the same nitrogen temperature 
and flow rate used during the rate studies. A random run order was generated for the 
preparative solid-phase polymerizations. For each precursor, fifty grams of the 
5 standard particle size blend were used for the solid-phase preparative run. Although 
no samples were taken, the bed was stirred and leveled every 30 minutes. The 
preparative samples were submitted for the following tests: IV, color, acetaldehyde 
generation, and solution haze. 

1 0 The acetaldehyde generation test was performed at 295°C. Ten grams of 

polymer were dried at 120°C overnight. The polymer was placed in a melt indexer for 
5 minutes at 295°C, extruded and quenched. The polymer was cryogenically ground 
and sieved 20 mesh particle size). An inert gas was passed across the sample (0.50 
± 0.05 grams) at 150 °C for 10 minutes. The gas was then sent to a trap cooled with 

15 liquid nitrogen. The trap was then heated to 300°C, and the acetaldehyde was swept 
into a gas chromatograph for measurement. 

The solution haze was measured by dissolving the polymer (10.0 g) in a 
mixture of methylene chloride and hexafluoro isopropyl alcohol (130 mL, 70:30 v/v). 

20 The turbidity of the solution was measured with a Hach Ratio Nephelometric 
Turbidimeter. The mixtures were centrifuged to isolate the particulates when the 
solution haze values were > 5 ntu, except for Examples 13 and 15. The particulates 
were analyzed by x-ray diffraction (XRD) to identify crystalline species and by energy 
dispersive spectroscopy (EDS) to identify the elements, present, including those in 

25 amorphous species. 

Example 13: Solid Stating of Polymer with 117 ppm of Antimony and 8 ppm of 
Phosphorus (Antimony Early/Phosphoric Acid Late^) 

Polymer was solid stated for 1 hour and 48 minutes. Analyses on the polymer resulted 
30 in the following data: IV of 0.665 dL/g, a L* color of 88.8, an a* color of -1 .0, a b* 
color of 4.6, an acetaldehyde generation at 295°C of 12.5 ppm, and a solution haze 
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value of 4.5 ntu. Per XRD, the particulates contained antimony oxide. EDS indicated 
that antimony (silicon, copper, iron) was present in the particulates. 

Example 14: Solid Stating of Polymer with 140 ppm of Antimony and 48 ppm of 
5 Phosphorus (Antimony Early/Phosphoric Acid Late) 

Polymer was solid stated for 3 hour and 10 minutes. Analyses on the polymer resulted 
in the following data: IV of 0.673 dL/g, a L* color of 88.9, an a* color of -1 .0, a b* 
color of 5.2, an acetaldehyde generation at 295°C of 1 1.5 ppm, and a solution haze 
value of 4.4 ntu. 

10 

Example 15: Solid Stating of Polymer with 211 ppm of Antimony and 7 ppm of 
Phosphorus (Antimony Early/Phosphoric Acid Late) 

Polymer was solid stated for 1 hour and 51 minutes. Analyses on the polymer resulted 
in the following data: IV of 0.662 dL/g, an acetaldehyde generation at 295°C of 15.1 
15 ppm, and a solution haze value of 4.7 ntu. Per XRD, the particulates contained 
antimony oxide. EDS indicated that antimony was present in the particulates. 

Example 16: Solid Stating of Polymer with 223 ppm of Antimony and 50 ppm of 
Phosphorus (Antimony Early/Phosphoric Acid Late) 

20 Polymer was solid stated for 2 hours and 36 minutes. Analyses on the polymer 
resulted in the following data: IV of 0.686 dL/g, a L* color of 89.2, an a* color of - 
1.0, a b* color of 3.9, an acetaldehyde generation at 295 °C of 12.2 ppm, and a 
solution haze value of 6.8 ntu. Per XRD, the particulates contained antimony oxide 
and antimony phosphate. EDS indicated that antimony and phosphates were present 

25 in the particulates. 

Example 17: Solid Stating of Polymer with 8 ppm of Phosphorus and 122 ppm of 
Antimony (Antimony Late/Phosphoric Acid Early) 

Polymer was solid stated for 2 hours and 7 minutes. Analyses on the polymer resulted 
30 in the following data: IV of 0.673 dL/g, a L* color of 89.0, an a* color of -1.2, a b* 
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color of 5.4, an acetaldehyde generation at 295°C of 1 1 .9 ppm, and a solution haze 
valueof4ntu. 

Example 18: Solid Stating of Polymer with 9 ppm of Phosphorus and 231 ppm of 
5 Antimony f Antimony Late/Phosphoric Acid Early) 

Polymer was solid stated for 1 hour and 45 minutes. Analyses on the polymer resulted 
in the following data: IV of 0.684 dL/g, a L* color of 88.3, an a* color of -1 .4, a b* 
color of 5.4, an acetaldehyde generation at 295°C of 1 1 .7 ppm, and a solution haze 
value of 5 ntu. Per XRD, the particulates contained antimony oxide. EDS indicated 
1 0 that antimony was present in the particulates. 

Example 19: Solid Stating of Polymer with 43 ppm of Phosphorus and 123 ppm of 
Antimony f Antimony Late/Phosphoric Acid Early) 

Polymer was solid stated for 1 hour and 47 minutes. Analyses on the polymer resulted 
15 in the following data: IV of 0.673 dL/g, a L* color of 88.6, an a* color of -0.9, a b* 
color of 5.5, an acetaldehyde generation at 295°C of 14.0 ppm, and a solution haze 
value of 3.1 ntu. 

Example 20: Solid Stating of Polymer with 39 ppm of Antimony and 214 ppm of 
20 Phosphorus f Antimony Late/Phosphoric Acid Early) 

Polymer was solid stated for 1 hour and 34 minutes. Analyses on the polymer resulted 
in the following data: IV of 0.678 dL/g, a L* color of 88.1, an a* color of -0.83, a b* 
color of 5.2, an acetaldehyde generation at 295°C of 14.1 ppm, and a solution haze 
value of 3. 9 ntu. 

25 

Per Example 16, when phosphoric acid was added to an esterification product 
containing antimony, antimony phosphate and antimony oxide were found in the 
particulates isolated from the solution haze sample. Antimony phosphate can cause 
haze in polyesters. Per Example 1 8, when antimony was added to an esterification 
30 product containing phosphorus from phosphoric acid, only antimony oxide was found 
in the particulates isolated from the solution haze sample. Potential haze problems 



WO 01/14452 



30 



PCT/US99/19385 



due to antimony phosphate formation were precluded by adding phosphoric acid early 
and antimony late. 

Example 21: A Phosphate Triester as the Phosphorus Source 
5 When a phosphate triester like tri-t-butyl phosphate is the phosphorus source, the 
trends are different than those observed for phosphoric acid. When the antimony is 
added early and the phosphate triester is added late, the melt-phase finisher time, is 
relatively insensitive to the phosphorus level. The dramatic increase in finisher time 
with increasing phosphorus level for early antimony/late phosphoric acid addition is 
1 0 not seen when the phosphorus source is a phosphate triester. When the antimony is 
added early and the phosphate triester is added late, antimony oxide alone is found in 
the particulates isolated from solution haze samples. In contrast to the situation with 
late addition of phosphoric acid, particulate haze from antimony phosphate is not a 
concern when a phosphate triester is added late. 

15 

When the phosphate triester is added early and the antimony is added late, the 
melt-phase finisher time increases with increasing phosphorus level. The stability in 
finisher time with increasing phosphorus level for early phosphoric acid/late antimony 
addition is not seen when the phosphorus source is a phosphate triester. 

20 

While the invention has been described in terms of various preferred 
embodiments thereof, it should be understood that various modifications, changes, 
substitutions, omissions and the like may be made without departing from the spirit of 
the invention. Thus, the scope of the invention is limited only by the scope of the 
25 following claims including equivalents thereof. 
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CLAIMS 

What is claimed is: 

1 . A process for making polyester resin comprising 

(a) esterifying at least one dicarboxylic acid component and at least one 
diol component; and 

(b) polymerizing the product of step (a) under conditions effective to 
provide a polyester resin, 

wherein: 

(1) polymerization step (b) occurs in the presence of (i) an antimony- 
based polymerization catalyst and (ii) an acidic phosphorus- 
containing additive, with the catalyst (i) being added after the 
additive (ii), and 

(2) the acidic phosphorus containing additive (ii) is added sufficiently 
before the polycondensation catalyst (i) such that the additive (ii) 
can react with the at least one diol. 

2. A process for making polyester resin comprising 

(a) esterifying at least one dicarboxylic acid component and at least one 
diol component; and 

(b) polymerizing the product of step (a) under conditions effective to 
provide a polyester resin, 

wherein: 

(1) polymerization step (b) occurs in the presence of (i) an 
antimony-based polymerization catalyst and (ii) an acidic 
phosphorus-containing additive, with the catalyst (i) being added 
after the additive (ii), and 
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(2) the acidic phosphorus containing additive (ii) is selected such 
that the reaction rate of the polymerization step (b) is relatively 
insensitive to the level of additive (ii). 

3. The process according to claim 2, wherein the length of time between the 
addition of the additive and the catalyst is sufficient to allow a reaction 
between the additive and the diol. 

4. The process according to claim 1, wherein the additive (ii) is added prior to a 
point in the step (a) where the at least one diol will have a partial pressure such 
that the at least one diol will boil away. 

5. The process according to claim 4 wherein the partial pressure of the diol* 
compound is not less than about 3 00 Torr. 

6. The process according to claim 1 , further comprising: 

(a) solid-phase polymerization of the polyester resin from step (b). 

7. The process according to claim 1 , further comprising a prepolymer reaction 
stage between the esterification step (a) and polymerization reaction (b). 

8. The process according to claim 7, wherein the additive (ii) is added 
immediately prior to, or during the prepolymer stage. 

9. The process according to claim 7 wherein the catalyst (i) is added immediately 
prior to, during, or after the prepolymer stage, but prior to the polymerization 
step. 

10. The process according to claim 1, wherein the additive (ii) is added 
immediately prior to, or during the esterification step (a). 
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1 1 . The process according to claim 5, wherein the polyester resin is a 
polyethylene terephthalate) (PET) resin or a modified PET resin. 

12. The process according to claim 1, wherein the at least one dicarboxylic acid 
comprises terephthalic acid. 

13. The process according to claim 12 wherein the terephthalic acid is present in 
an amount of from about 80 mole % to about 95 mole %. 

14. The process according to claim 1, wherein the at least one diol component 
comprises a glycol having from about 2 to about 10 carbon atoms. 

15. The process according to claim 1, wherein the at least one diol component 
comprises ethylene glycol. 

16. The process according to claim 1 5 wherein the ethylene glycol is present in an 
amount of from about 80 mole % to about 95 mole %. 

1 7. The process according to claim 1 , wherein the polyester resin is modified with 
at least one additional diacid component is selected from aromatic 
dicarboxylic acids having 8 to 14 carbon atoms, aliphatic dicarboxylic acids 
having 4 to 12 carbon atoms, cycloaliphatic dicarboxylic acids having 8 to 12 
carbon atoms and mixtures thereof, wherein the additional diacid 
component(s) are present in the amount of about 1 mole % to 20 mole %. 

1 8. The process according to claim 1 7, wherein the at least one additional 
dicarboxylic acid component is phthalic acid, isophthalic acid, 2,6- 
naphthalenedicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, 1,3- 
cyclohexanedicarboxylic acid, diphenyl-4,4'-dicarboxylic acid, 
stilbenedicarboxylic acid, succinic acid, glutaric acid, adipic acid, sebacic acid, 
cyclohexane diacetic acid, azelacic acid or 1,12-dodecanedioic acid. 
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19. The process according to claim 1 wherein the polyester resin is modified with 
at least one additional diol component selected from cycloaliphatic diols 
having 6 to 20 carbon atoms, aliphatic diols having 3 to 20 carbon atoms, and 
mixtures thereof, wherein the additional diol component(s) are present in the 
amount of about 1 mole % to 20 mole %. 

20. The process according to claim 19, wherein the at least one additional diol 
component is 1,4-cyclohexanedimethanoI (CHDM), diethylene glycol, 
triethylene glycol, 1,2-propanediol, 1,3 -propanediol, nepentyl glycol, 1,4- 
butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,2-cyclohexanediol, 1,4- 
cyclohexanediol, 1,2-cyclohexanedimethanol, 1,3-cyclohexanedimethanol, 3- 
methylpentanediol-(2,4), 2-methylpentanediol-(l,4), 2,2,4-trimethylpentane- 
diol-(l,3), 2-ethylhexanediol-(l,3), 2,2-diethylpropane-diol-(l,3), hexanediol- 
(1,3), l,4-di-(hydroxyethoxy)-benzene, 2,2-bis-(4-hydroxycyclohexyl)- 
propane, 2,4-dihydroxy-l,l,3,3-tetramethyl-cyclobutane, 2,2-bis-(3- 
hydroxyethoxyphenyl)-propane, 2,2-bis-(4-hydroxypropoxyphenyl)-propane, 
1,2-cyclohexanediol, 1,4-cyclohexanediol or mixtures thereof. 

21 . The process according to claim 1, wherein the polymerization step (b) is a 
polycondensation reaction and the catalyst (i) is a polycondensation catalyst. 

22. , The process according to claim 1 wherein the antimony-based catalyst (i) is a 

diol-soluble compound of antimony (HI) or antimony (V) or a compound of 
antimony (III) or antimony (V) that becomes soluble upon reaction with the 
diol. 

23. The process according to claim 1, wherein the antimony-based catalyst (i) is 
selected from the group of antimony (HI) oxide, antimony (HI) acetate} 
antimony (HI) glycolates, antimony (HI) ethyleneglycoxide and mixtures 
thereof 
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24. The process according to claim 1, wherein the antimony-based catalyst (i) is 
antimony oxide that is present in an amount effective to provide elemental 
antimony of from about 75 ppm to about 400 ppm in the polymer. 

25. The process according to claim 1 , wherein the acidic phosphorus-containing 
additive (ii) comprises phosphoric acid, phosphorous acid, polyphosphoric 
acid, acidic phosphate esters or mixtures thereof. 

26. The process according to claim 1, wherein the acidic phosphorus-containing 
additive (ii) comprises phosphoric acid. 

27. The process according to claim 1, wherein the acidic phosphorus-containing 
additive (ii) is present in the amount between about 20 and about 45 ppm of 
elemental phosphorus based on the weight of the polymer. 

28. The process according to claim 1 , wherein the acidic phosphorus-containing 
additive (ii) is present in the amount of less than about 1 5 ppm of elemental 
phosphorus based on the weight of the polymer. 

29. The process according to claim 1 wherein catalyst residue from step (b) is at 
least substantially free of antimony phosphate compounds. 

30. The process according to claim 1 , wherein the polyester resin has an intrinsic 
viscosity of about 0.4 to 1.2 dL/g measured at 25 C by dissolving 250 mg of 
polyester in 50 mL or a solvent consisting of a 60:40 ratio by weight of phenol 
and tetrachloroethane. 

3 1 . The process according to claim 1 , wherein the polymerization step (b) is 
performed in the absence of added cobalt compound(s). 
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32. The process according to claim 1, wherein the polymerization step (b) is 
performed in the presence of at least one organic toner selected from among 
red organic toners, and blue organic toners. 

33. A polyester product produced by the process according to claim 1 . 

34. A polyester containing (a) elemental phosphorus present in an amount not 
greater than about 75 ppm and (b) at least one organic toner selected from 
among organic blue toners and organic red toners, which toner(s) are present 
in an amount of about 0.5 to about 10 ppm. 

35. The polyester according to claim 34 wherein the elemental phosphorus is 
present in an amount less than about 15 ppm based on elemental phosphorus. 

36. The polyester according to claim 34 having at least one organic red toner 
present in an amount of about 0.5 to about 3 ppm. 

37. The polyester according to claim 34 having at least one organic blue toner 
present in an amount of about 1 to about 7 ppm. 
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